CIRCLES 


PROPORTION 


AND 


THE HORIZONIAL 
INSTRVY MENT. 


The Former ſhewing the maner howto 


work Proportions both ſimple and compound: and 


the ready and eaſy reſolving of 2xeſtiovs both in 
eArithmetic,G eomerrie,& Aftronomie : And is newly 


' increaſed with a» Additament for Ngvigation. 
All which Rules may alſo be wrought with 
| the penne by Arithmetic, and the Ca- 
non of Triangles. 
The Later'teaching how to work mo Que- 
flies, which may be performed by the Globe : I 
and to delineast Dialls upon any — 
kindof Plaine. Nie 
| Invented , and written in Latine by ». ©. 
| Tranſlated into Engliſh, and fer our 
for ths benefht , 
by WrLLlian FoksTER, 


hb — 


LonDex, 
Printed by «Anguftive IMathewes, and arc to bee ſold 
by Nyc : Bowrne atthe Royall Exchange. 163 5+ 
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THE HONOVRABLE 
AND RENOWNED FOR 


vertue, learning, and true v.lour, 
Sir KENELME DIGBYE 
Knight, 


= FE excellent accompliſhment; wher- 
E ®2 with you are adorned both of vertue, 
AFSSS 41d learning, and particularly in the 
Mathemaricall Sciences,together with the FJus 
nourable reſpeF the Author hereof beareth viito 
your Worth , and his deſire to teſtifie the ſame, 
hath made mee preſume topreſent onto you, and 
eonder the happy auſpice of your renowned name, 
to publiſh-to the world this Treatiſe : the owning 
hereof though I may not chalenge to my /elfe, yet 
the birth and produBRlion , whereby it bath a being 
to the benefit of others, is, as Ynto a ſecond parent, 
due ronto me. 
For being in the time of the long vacation 
1630, the Country, at the houſe of the Reue- 
A 


rend, 


l Pa 


———_—_— 


= 


The Fpiſile Dedicatorie. 


rend, and my maſt worthy friend, and Ti acher, 
M William Oughtred (to Þboſe inſtruftion. ] 
owe both my initiation, and Whole progreſſe in 
theſe Sciences.) I vpon occaſion of ſpeech told him 
of a Rulrr of Numbers, Sines, & | angents, 
Which one had beſpoken to be made(ſuch as is Vſus 
ally calied N,7,Gunters Rulct) 6 fect long,to be 
vſed with a payre of beame-compaſſes. * He an- 
* ſaered that Was a poore invention, and the pers 
© formance very troubleſome : But, ſaid be, ſee- 
« ;ng you are taken With ſuch mechanical wayes 
« of Inſtruments, 1 will ſhew.you-what deniſes [ 
* haue had by mee theſe many eares. And firſt, 
hee brought to mee rwo Rulers of that /ort, to be 
T'ſed by applying one to the other, without any 
compaſſes: and after that hee ſhew:d mee thoſe 
lines caſt into 4 circle or Ring, With another 
mouecable circle ypon it. 1 ſeeing the great ex- 
prditeneſſe of both thoſe wayes z, but eſpecially, of 
the latter, wherein it farre excelleth any other In» 
firument which bath bin knowne ; told him, I won» 
der: d that hee could ſo many yeares conceale ſuch 
roſefiill ingentions, not onely from the war ld, but 
from my ſelfe, to whom in other parts and myle- 
ries of Art,be had bin/o liberall. © He anſwered, 


& That 


=" The Epiſtle Dedicatoric. | 


bc That the true bay of Art is not by Inſlruments, 
« but by Demonftration : and that it is a preps. 
« fterons courſe of vulgar Teachers , to begin 
« pith Inſtruments, and not with the Sciences, 
« and ſoin-ſtead of Artiſts, to make their Schol. 
« lers only doers of.tricks, and 4s it were Invlers : 
« to the deſpite of Art, leſſe of precious time, and 
« betraying of willing and induſtrious wits,,onto 
« ;2norance,and idleneſſe. That the vſe of Inſtru: 
<« ments i indeed excellent if a man be an Artiſt: 
&« but contemptible , being ſet and oppoſed to Art. 
& And laſtly, that he meant to commend to meth: 
* (kill of Inſtruments but firſt be would bane me 
< well inFrufed im the Sciences, He alſo ſhewe1 
me many notes, and Rules for the ſe of thoſe 
circles, an.l of bis Horizoncall Inſtrument, 
( hich he had prozeted about 3 © yeares before) 
(be moſt part written in Latine. All dbich-1 ob. 
tained of him lraue totranſlite into Engliſh,and 
make publique, for the oe, and benefit of ſuch as 
were ſtudious C3 louers of theſe excellent Sciences. 
Which thag While 1 with mature and d:ligent 
Care ( 4s my occaſions would giue me leaue) went 
about to doe : another to whom the Anthor in a 
louing confidence diſconered this intent , -oſing 
more 


"2% 


FISE wemt hes to proocy. 
Which vutiely birth, and priventing ( if 
nav civcumaenting)farwardneſſe 'T ſay mowing.” 

but aduiſe the fiudions Reader, onely o- farre to 
trnſt,as br ſhal be ſure doth agree totrmthes Art. 

And t'rus moſt noble Sir, without any braziyg 
flouriſhes 5 or needleſſs multiplying of rautold- 
gized and trroneens precepts tinaked truth and | 
inthe modeſt (t mplicny, of the Au: hor bimſelfe 
(whoſe knowne skill in the whole Syſieme of Ma- 
thematicall learning, will eaſily free him from the 
ſuſpicion of bauing the way male fir bim, and the 
[abieft -vnuail- , to help bis ſight) 1 have note 
wabftanding V1; der t te prot. &t;on of Jonr courte- 
ous faudur and learned tudgement prrſiſted in my 
long conceined purpoſe of preſenting this era&t ute 
to the publique view, and light, Wiſhing withall 
ynto you encreaſe of deferurd hor and hapf ines. . 
| May Wes: $632: 
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| By the hondurer | 
| and admirer 
of your Worthines, 


WirlLianForsTeER 


— —__c_ 


Thos that dear farther inst enctions in the 4 
thre Instruments or other parts of the 


| AMathomatiques may repaire to w Forstor 
at the nodbull ower against 8t Clomonts church 


' yard with out Temple bar 
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FIRST PART 
OF THIS BOOKE, 


Shewing the vie of the Firſt fade 


of the Inſtrument, for the working of Pro- 


portions both ſimple and compounded, and 
for the ready and eaſfie reſolving of que- 
ſtions both in Aruhmetique, Geometrie, 


and eAftronomie, by Calcu- 
lation. 


CuaPy. TI. 


Of the Deſcription, and vſe of the Circles 
mn this Firſt (ide. 


Hereare two ſides of this Inſtrument. On 
the one fide, as it were in the plaine of 
the Horizen, is delineated the proeftien of 
the Sphere. On the other ſide there are di- 


vers kiades of Circlcs,divided after many ſeverall waics 3 
B toge® 


The Deſcription and V/e PakrT 1, 


together with an ndex to be opened after the manner of 
a paire of Compaſſes. And of this fide we wiil ſpeake in 
the firſt place. 

2 The Faf,or outermoſt circle is of Sines,from 5 de- 
grees 45 minuts almoſt, yntill go. Every degree till 30 
18 divided intv 13 parts, each part being 5 min : from 
tbence vacill go deg: into fixe parts which are 10min: 
a peecc : fromrthence vntill 75 degrees into two parts 
which are 30 minutesa pecee. After that vato 85 deg: 
they are not divided. 

3 The Second circle18 of T angents, from 5 degrees 45 
min: almoſt, antill 45 degrees. Every degree being di- 
vided into 1 2 parts whichare 5 min : a pecce. 

4 The Thurd eircle is of T angents, from 45 degrees 
untill 84 degrees x 5 minutes. Each degree being divi- 
ded into 13 parts, whichare 5- mine a pcecc. 

5 The Saxr circle is of Tangencsfrom 84 degrees till a 
bout $89 degrees 25 minutes. 

The Seventh circle is of Tangents from about 35.min: 
till 6 degrees. 

The Eighe circle is of Sines, from about 35 minutes til 
6 degrees. 

6 The Fourth circle is of Vnequil Numbers, which 
are noted with the Figures 2,3, 4, 5,6, 7, 8, 9,1. Whe- 
ther you vadcrſtand them to bee ſingle Numbers, or 
Temns,or Hundreds, or Thouſands, &c. And every ſpace 
of the numbers till 5, is divided into 100. parts, but after 
Frill r, into 50 parts. 

The Fowrth circle alſo ſheweth the rrae or natwralt 
Sizer,and Twvyents, For if the Index bec applyed to any 
Sine or Tangent,it will cat the 1r#e Sine or Tangent inthe 
 fourthcircle, And wee are to knowe that if the Sine or 
Tangent be in the Firſt, or Second cirole,the figntes of the 
Fomrth circle doe fignific ſo many thouſands, Bn: if the 
Sewr or T angent be 10 the Seventh or Fight circle, the fi 
gures itihe Fowrth circle fignific fo many bundreds. ne 


Parr 1. of the (ordesin firſt ſide. 


if the Tangent bee in the Sixt circle, the figures of the 
Fourth circle, {ignific ſo many times tenne- thouland , or 
whol: Rady. = 

And by this meancs the Sine of 23%, 3o will bee 
found 3987 : and the Sine of it's compleaacnt 9170. 
And the Tangent of 239, 3o' will be found 4348 : and che 
Tangent of it's complement, 22998. And the Radins 1s 
1c000, that 1s the figure x with toure cypher*, or Cur- 
cles. And hereby you may finde out both the lumme,and 
alſo the difference of Sinzs, and Tangents. 

7 The Fift circle is of A quail numbers, which arc 
noted with the figures 1, 2, 3+4, 5, 6, 7» 8, 9,95 and c- 
yery ſpace is divided into 108 parts. 

T his Fift circle is (carſe of any utc, but onely that by 
helpe thereof the given diſtance of numbers may bo aal- 
tiplied, or divided, as neede ſhall require. | 

AS for example , it the ſpace betweene 212 and 
119833 + bee to bee (eptupled. Apply the Index vato 
119833 + inthe Fourth circle, and it will cut in the Fife 
circle 03476+ ; which muitiplyed by 5 makes 24333 : 
then aganne, apply the Index vato this number 24333 in 
the Fatt circle, and it will cut inthe Fouth circle 1175 '>4, 
And thisis the ſpace berweene 1109 and 1132+ (cptu- 
pled, or the Ratio betweene 100, and 108; lever tumes 
multiplied into it ſelfe. | 

And contrarily, if 17*!2: bee to bee divided by 7 : 
Apply the Index vnto 117568 in the fourth circle, and it 
will cut in the fit circle 24333 : which divided by 7 gi- 
vetho3476+. Then againe vato this Number in the 
Fift circle aj ply the Index, and inthe Fourth circle it wil 
cut vpon 1122? + for the Septupartion ſought for, 

The reafon of which Operation is, becauſe this Fife 
exele doth ſhew the Legaruhmes of Numbers. For if the 
Index be applyed nnto any number in the Yoarth circle, it will 
in the Fitt circle cur vpen ihe Logarichme of the [ame nun- 
ber, ſo that to the Logarithme found you prefixea Caracte- 

B 3 riſticall 


The Deſcription and Yſe,&c. Pa RT I 


riſticall (4 CMHafter Brigs rermes ur) one leſſe then u the 
number of the places of the wmegers propoſed ( Which you 
may rather call the Gracuall Number ). $o the Loga- 
rithme of the namber 2 will bee found 9.30103. Aud 
the Logarithme of the Number 4315 will bee found 
1.63949: # 

Namber s are multiplied by eAddition of thiry Loga- 
rithmes : and they are Divided by Subſtrattion of thegr 


$ Inthe middeſt among the Circles, is a dowble No- 
Hinrndd i to ſhew the hower ot the night. 

9 The tight line paſſing through the Center,through 
99, and 45 I call the Zineof Y nitze, or of the Radwe, 

10 That frawo of the Index which in cucry Operati- 
onis placed at the Antecedent, or firſt terme', I call the 
Amecedent arme : andthat which is placed at the conſe- 
quent terme, I call the Conſequent Arme. 


Cunar. 
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Para ', Of the Rules of Proportion. 
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Of the Operation of the Rint OL Propc e*> 34 379 * 
allo of Multiphcation, and Divi{ion, 


t, Theo ame, 


D F of three numbers given, rhe trſt di- 
ny —y . : | 
dF Pos vidc the ſecond and the quotient mu!- 
22] [as tiply the third , the product ſhall be 


x ” | 
4 py "11 erg 
F @ the tourth proportionall;, to the <rez.. | 


numbers given, "> F - Co: D. = 

Theoreme, If of vs numbA2gKtn Bat Shd 
divide the firſt, and the quorienr dividethe third : 
this ater quorient ſhall bethe tourth proporuonall, 
to thethree numbers given, new © 5D (<DR.. 

Neither is it matcriall whether of the ewo numbcrs 
after the firſt be ſecond, or third. 

2 And note that in Reciprocal proportion, thatterme by 
which the queſtion is made z But in Duet? proporiien the 
terme that is homogeneal thereto, is the firſt icrue, or the 
Antecedent of the firſt ratio. 

3 And therefore out of theſe foundations thus layd, 
(« pu Fight a_— the _ the were, 

ollow # ng our of t propertionall by t 
Inſtrument : whercot this is the Rule. oy 
Open the Armes of the Inſtrument to the diſtance of the 
fort, and ſecond number : then bring the Antecedent arme, or 
thas Which flood wpon the fir ft number wnto the third, and ſo 
the conſequent arme, keeping the ſame opening , Will ſheW the 
Jowrth number ſought for. 

In which operation theſe foure things are diligently 

to be conſidered, 


B 3 Fr 
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0f Multiplication and Diviſion Pazr x. 


Firſt, in conflituting the places of each number 
in the fourth circle ; whether the figures Written 
in the ſpaces dos ſignifie Vaites , Tenns, or 
Hundreds,cc. 

Secondly , if” that arme which ſheweth the 
fourth proportionall , doe reach beyond the line of 
the Radius ; that then you doe account the fourth 
in a new circle or degree. 

Thirdly, whether the fourth number ſought, 
ought to be greater, or leſſer then the third, For 
if a fourth number bee offered greater then the 
third, when it ſhould be leſſe , or leſſe then the 
third when it ſhould br greater , it is a ſigne that 
that number doth appertaine to a circle of anos 
ther d Lree. 

Fourthly, that looke What true diſtance Was 
betweene the firſt and ſecond , that the ſame bee 


ſuppoſed betweene the third and the fourth, and 


al/o on the ſame part. 


4 And for becauſe Mubiplicatiow and Diviſion , have 
a ccrtaine implicice proportion : we will {peake of them 
in the firſt place. 

5 In Mnltplication, As an Vnite is to one of the fattore: 
(or numbersto be multiplicd: )ſo# the other of the ſaFtores, 
10 the produff, 1-7: 4-20. 

And the produ@ of two numbers ſhall have ſo many 


places as there be in both the tatores, it the lefſer of them 


exccede 


Part 1. Examples of Maluplication. 


exccede ſo many of the firſt figures of the produdt: But if 
it doe not exceede, it will have one lefſc. 

6 eAnd in Diviſion, Ar the Doviſor « to an Vave; ſou 
the Dividend, to the Quotient, F- 1: & + 

And the Quotient thall have ſo many places, zsthe 
Dividend hath more thenthe Diviſor, it the Divitorex- 
ceede fomany of the firſt figures of the Dividend: bur it 
ir doe not exccede, jt ſhall have one place more, 

7 Wherefore let this rule bec {till carcfully Kepc in 
minde : that I» Multiplication the firſt terme of the in pli-. 
cite propertion is evermore 1: And in Diviſion, the firſt 
termee i& the Dover, 

And thus much concerning the operation of Propor- 
tion, Multiplication, and Diviſu, I thought mceete to ad+ 
moniſh, leaſt hereafter in Multiplying, or Dividing, or 
ſecking outa fourth proportional, wee be conſtrained to 
repeate the ſame things many times over. 

8 An example cf Adulriplicatiov, How many pence are 
there in 47%. 9% > For becaulc 1 ſhilling containes 12 
pence, and 1 pound containes 20 ſhillings, thatis 240 
pence : you ſhall multiply 47 by 240, and 9 by 12, aud 
then adde together the products. 

In the firſt Afmitephication, 

I 47 332 2» 3; nod. 


For ſet the Arme: of the Index at 1 and 47in the fourth 
circle ; and rhen bring the Antecedent arme ( which ſtood 
at 1) vnto 240,and the Con/equent arme will ſhew 11280, 

Agaite in the tecond Aalriplication, 


—_ © 's $$ o% 


For ſet the two Arms of the Index at 1 and 9 inthe 
fourth circle ; and brig the Antecedent arme into 1.2, and 
the Conſequent me 41ll ſhew 108. © Laſtiv,adde together 
11280 and 108 19d che fumanc 11388 will be the number 
of pence cuncainec In the laid lums of 47%, gÞ. 


9 An 


er oe 


9 An example of Divgfien. How many pounds , and 


ſhillings are in 113$8 pence? Divide 11388 by 240: 


the diviſion is thus. 
2490 - 2 : 2 11388 . 435 — 


For ſet the two Armes of the Index at 240, and 1 in 
the fourthcircle : and then bring the Antecedcne arme 
(which ſtoodat 240) unto 11388 ; and the Conlequenr 
arme will ſhew 47 and almoſt an balfe. 

But how many ſhillings that excefle doth containe wil 
appeare, if firſt you finde by Maltiplication that 11280 
pence are contained in 47% : which ſubducted from 11 3 £8 
there will remaine for the exceſſe 108 pence. Aftter- 


wards by diviſion you may ſecke how many ſhillings are 


in 108 pence : the dinifion is thus. 
W444. 5 = £4 » 


For ſet the Armes of the Index at 12and x : then 
bring the Antecedent arme(which ſtood at 8 2) unto 108; 
and the Conſequent arme will ſhew g. 

9 ay Fraflion given may bee reduced ints Decimal 

Ss, IM, 
"" eerte dennotrnanmend the Index at the Denomi- 
nator of the Fraction given, in the fourth circle, and the 
Conlequent arme at the Numerator , then keeping the 
ſame diſtance, bring the Antecedent arme unto x, and the 
conſequent arme will ſhew the decimal parts. 


Sort; is 0175, And j 18 0139%— 


Exampl's of Diviſion. PART e. 
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Parr 1. Exanylesof Properties. 


I CE 


eee 


Caare, II 
Now follow cortane examples of 
Propomos. 


Example 1. 
F 54 Elncs of Hol and bee folic for 96 ſhii- 
"= ——— 


The termes givers are 
SF © Is is. 

According to the 2 Chap. 3 Sc. Ser one of rhe armes 
of rhe Index ar the rexine 54 i= the fourth 
circle, an# rhe other arme ar che conſequent terme 96 - 
then kerping that diftarce , bring the Aatecedent arme 
vato 9; an! the arme beyond the ive of the 
Radis will ſhes 16 for the fourth » KcCor- 
ding © the confider arooms m the 2 3- 

Therefore 


vs eo: W-« 
ae proporticoaals. And 16 ſhillings is the price of 
9g Elacs. 

Snngh th, If zo08 buſhels — 
2 company of Soaldicrs keeping # Fort 36 
How many dayes will 1 2 buſhels fuilice that tame mam 
ber of Souldicrs ? The cernaes gmenare 

tos , 36 :: 3 - 

Set one Arme of the Index arthe Antccedent terme 
zo8 inthe fourth circle , and rhe other Arme at the coa- 
ſequent rerme 12, (being mindiull of the confiderations 
inthe z Chap. 3 Sc.) Xa 


= A — --—_ 


—— 


Examples of Proportion. Paxr 1. 
bring the Antecedent arme vyato 36 ; and the conſequent 


arme will ſhew 4. 
Therefore 


 rS © - = £3 an 


ſhall bee proportionals. And 4 is the number of dayes 
ſought for. 


III, There is layd vp ina Fort ſo much corne 
as will ſuifice for 75.6 which keepe that Forr, 
for 196 dayes : how many Souldiers will that ſame coxne 
ſatfice for 364 dayes ? a 


The Proportion 18 reciprocall , therefore che termes 
given are 


364 5 756 +: 196 . 

Set one Arme of the Index at the Antecedent terme 
364 , and the other Arme at the conſequent 196 : and 
keeping the ſame diſtance , bring the Antecedent arme 
vnto 756 4 aid the arme will (ſhew 407 +: 
And therefore for ſo many Souldicrs will the corne laid 
vp ſuffice for 364 dayes, or 13 moneths. 


Example T1 TT. There is 8 Tower whoſe height I would 
meaſure with a 
I take two Stations in the ſame right line from the 
Tower : and at cither Strtion having obſerved the height 
fighry, 1 finde charthe perpendicular cutrerh 
7 minures almoſt : -and 
in the further Station 1 degr- 58 min. almoſt : and be« 
tweene both the the di was 76 feet. 
The Rule of ing heights by ewo Stations is con- 
ined in theſe 
Ther, As thedifference of the T 
arches cut in cither ſtation, is to the di 


of che 
be- 
tweene 


ParT 1. Examples of Proportion 


tweene the ſtations ; ſo is the Tangent of the leſſer 
arch , to the nearer diſtance from the Tower. - 


Againe 


Theor, As the Radius is to the Tangent of the 
greater arch ; ſo is the nearer diſtance found, to 


the height. 


And therefore becauſe by the x Chap. 6 SeR. the Tan= 
gents of the arches 28%7 —,and 21* 58—are 5 342gand 
4032 whole diffcrence is 3310 ; the proportions will be 


Firſt, 1310 « 76 2: 


W herefore 234 feet is the nearer diſtance. 


Sccond Radius . tang. 28% 7 — :: 
W herefore 125 feet is the height ſonghe for. 


tang. 21, F8—.. 234 . 


334 + 125 « 


Example V. To finde the Dechination of the Swame the 


9® day of May. 

The place ofthe Sunne 
for every day, may be had 
nere inough our of this 
Table, by Adding vato 
the place of the Sun inthe 
beginning of that monerh 
ſo many degrees, as there 
are daves paſt in that mo- 
neth: But if che number of 
ago exceed 30,the cx» 

is to be accounted in 
the Signe next following. 

W herefore the 9% of 
May the place of che Sun 
is5 20+9, thatis © 29: 
which is 59 degr. diſtant 
from the next £&quino» 
Quali point. 


| The place of the 
Swune, 1 the beoum- 
nag of every Afmerk, 
January vw 21 
February i 22 
March 3 20 
| Apidil WY 31 
May wo 30 
iune x 19 
Iuly = "_ 
; £2 19 
Sepremb, 1p 18 
} October &@ 17 
Novemb 4 189 
Decemb" FF 19 


Examples of Propartizs. Pan 1. 
Thewabings being knowne, the Raile is Aclivered in 
this Theareme. 
Theor. As the Radius is 10the fanc of the ſunnes 
Aiftance from the next Aquinottiall pant ,; fo as 
the finc of the fuanes grearet dodhnauon , to the 
fonc of the dockinamon fonght for. 


The proportion walll the 
Radius - me $9” 2% inc2y”, 2v" - ſanc 192,29". 


Railins.. {ſinc&6%,39 ::: nang-$359* - tang $62 46" .. 
Q:-nng 25" 20' .Railius:::1ang 3.9% ,59 Alincg®* 06 - 


Parr 1. 


Cua?e, [III 
of Contwuall propanian, Row ©u0- 
greflion Geame 


> Hf £ Ratio of @ Progre fſion# the 

PRES Coden. Andheri jos inn 
dhe fannth ends , by the apering of the 
how often ſaauer 
ne Sent Sree 


41 


inthe faurthtincte, ant ©3476 
ito arar mamjre haing Munpiias 
= 
ineefomtheutearagt, oe 


wo 4 i an 6 veſt ws 5 ly: a 
ttsthomotiicay, Cds 


Gs hows Ag! ES 
<£xamples. 
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Of communal Propertion, Parr 1. 


Logarithmes taken awt of the Canon, 


too |} 2 . e000000 
04 3 - 0170333 
105 2. 0211893 

. 406 | 2 + 0253059 
1063 {| 3 + 03 7 
107 | 2 + 0293838 
1074 | 3 « 034qo85— 
198 2 . 03342g3— 
108; 2 - 0347621 - 


108, | 2 « 03343974 

1084 2 - 0364qagg— 

109 | 3 « 037426s 

IIO 2 « 0313937 « & + 


Or if the Cans bo Wentng yon nay con games 
marke, if that firſt ſingle opening of the Index being 
kept,and the Antecedent arme fet at x ; you transferre the 

| that place whichthe 


ber, os 

' Janes / ; and v armec will ſhew the 
Ratio (ought for /eptupled. 
And this manner of working may bee obſerved for as 


many Multiplications as you plcaſe of any Ratio given. 
3 The 


tit. 


Part 1. ſs of Progreſsion Geometrical, 


Is 


3. The Jas, and fofl iome ade given.” 


Open the Armes of the Index, the one unto the Ante- 
cedent of the ratio given, and the other unto the con» 
ſequent ; then the ſame opening being kept, bring the 
Antecedent Artie vrito rhe firſi terme given, and the 

arte will ſhewe the Rcond terme : againe 
bring the Antecedenc are vnto the ſecond terme found, 
and the conſequentarme will ſhew the third. After that 
bring the Antecedent arme unto the third terme found, 
and the conſequent arme wil ſhew rhe fourth. And in this 
manner youtmy proceed as farre as you pleaſe. 


As for exatmaple, If a Progreffion in the ratio 2 upto 
54 beginning at 8, Or if a Progreſsion in the rat50 200 un- 
i 108, beginning at 5, is robe inſticuted ; the termes in 
cither progreſsion will be as followeth. 


: HTM TT 0. 


50 
125 
31 216 
78:Þ5 
195 31027 


100 , nJo8); 5 . 56 


3s. 


$1832. 
6129856 


613124448 
346640384 
TE3H27 1614723 
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þ2icl:oif The 4%, and the fri# rerme 


4 Thew; The raw of any _ _— 
_— mg, is zqzdll ro rhe aww of the frf 
rexme wnco the plicd imo it ſelfe ac- 
the former. 


As for c: The Kale ys. mnt 6522544* which 

is the clire rene from ir,ws wo the raw of 10071, 

6 10$ rriplicned, Or asche of x60 nnto the Cave 
oo ketaned _ 


of 168, Whexfore 
Fes 
out any ether rermeregaued. 


Firſt, mebeiply the rave given inco in ſcife , accor- 
kgs he BEEN of ihe celine leoghe from the fs 
tcrme, by Che 2 edt : then fay 

es 1 is 10 thats moltuple found ; fo i the fuff terme, ts 


the 1erave ſought for. 


Exemple What will bethe amonne of 36%,i0 7 yeares 
by Imroreff apes Imerefp, ater the race of 20 percc mthe 
pound ? : 


ET ron 
60 pnco — 
che fe ems fs given 36, unc0 whach there are to be a0- 


ircd 7 other termes i cominaall ___ 
4" Fir, by che Re +56. Leechers given 
be p A notriphed fevcofold inco i icifc 
nt ar me 
aomber 1551 *yand open 
Amecedent arme vito 1 ; and keepwg che tance Ofc” 


which ll be 77535. Then fer che confeque 
the lnccx vato 
the 


Partl. or of Progreſsion Geometrical. 


bring the Antecedent arme unto 26 z and the con- 
che amount {ought tor. 


ni 
"a arme will ſhew 4 5l312h 
6 The Ratio, and 4xy other terme of the 
Progrefion being givea, to finde 

the firſt rerme. 


Firſt multiply the Ratio given into it ſelfe according 
to the difference of the terme given from the firit terme. 

Then ſay 

As that multuple 4 wno 1 ; ſo us the terme given, nnto 
the firſt rerwe, 

Example, what ſumme in 7 yearcs did amouut unto 
4 51531:% by Intereſt upon Intereſt aftcr the rate of 109 
unto 10333 +? 

Firſt the ratio being ſeptuplicat, by the 4 Chap. 2 SeR. 
will be 1.7512 . Thenſetting the Antecedent arme of the 


OO  _— —————— 


Index to that ſeptuple 117512, open the conſequent gran "=Y 
me 


unto 1 : and keeping the tame opening, briag the 

nnto 451432: : and the conſequent arme will ſhew 26, 
which was the ſtocke, or ſumme of money , from which 
that amount did ariſc. 


7 The Ratio, the Firſt terme, and «ny 
other terme of a Progreſſion bei 
given, to finde how many pray 
terme given is from the firſt terme. 


Firſt ſay, A the firſt terme is unto x ; fo ts the other termwe 
given , wnto the ratio plied ixto it [elfe according to the 
diſtance of that terme from the firſt. 

W herefore according to 1 Chap. 7 Se. and 3 Chap. 
2 Sc. by helpe of the fitt circle, ſec how often the ratio 
given, is contained in that multuple found. 

Example, In how many yeares did 26%, by Intereſt 

D 
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Of continual Proportion, Pa arl 


Intereſt after the rate of 100 nnto 10823 + 1ncreale 
unto 45153312? 

Firit t1ct the Antecedent arme of the Index at 26, and 
the conſequent armeat1i: and keepirg the fam OPC- 
ning bring the Anteccdent arme vaco 45532 , and the 
contequent arme will ſhew 19*!2 : to who 1m the fitt 
Circle anſwereth 24333- Then becauſe unto the coife- 

nt terine of the ratio 10893 + there agrees inthe titt 
ciccle 03476, divide 24333 by 03476, and the quoticnt 
will be 7,the aumber of yeares ſought for. 


8 The Fir#t rerme, and any other terme 
of the Progrej\on being, given to 
finde ihe ratio of the Progreſoion. 


Firſt ſay, As the firff terme is amnto 1 : ſo is the other terme 


given, wnto the rats multiplied into it ſelfe accordeug to the 


difl ance of that terme from the firſt, 

W herefore accordingto Chap. 1. SeR. 7, by helpe of 
the fift circle , Let the multuple found be divided by the 
diſtance of the tefing from the firſt, 

Example , 26% by Intereſt upon Intereſt in 7 year: s 
amounted unto 451*21*; what was the ratio of the Interc(t 
compared unto 100 ? 

Firſt ſerrhe Antecedent arme of the Index at 26, and 
the —_— arme at 1: and then keeping the lame 
opening , bring the Antecedent arme unto 451f3!2 ; and 
the conſequentarme will ſhew 11712 : unro which in the 
fift circle anſwereth 24333 and this number beiag divi- 
ded by 7 will give 03476 +: unto which agreeth in the 
fourth circle 10833 +the conſequent terme of the Inte- 
reſt tought for. 


9 Two numbers being given to finde 4s 
many Midl --—_—_ betweene 
them 43 you 

Divide 


's 
e 


Parr I. 0 of Provreſsion Geametricall. 


Divide the diſtance of the greater number given from 
the lcfſer in the fourth circie tuſtly taken , according to 
Chap. r. Se&.7, by helpe of che fit circle into equall ſeg- 
meats, one more then are the number of Midlc propor- 
tionals ſought for. All cheſe ſegments added orderly to 
the firſt rcrme , doe diſtinguiſh the termes of the Pro- 
greſlion which you lecke. | 

Example, Letthere be foure Midle proportionals, ſought 
out bxeweene 8 and 19190656, ; 

Apply the Index unto 8 inthe fourthcircle, and it will 
cut in the fiſſcircle 9039:11fo fer the Index umtes 1 g9,91— 
- inthe fourth circle, and it will cutin the fatt circic 2988 ; 

which number becauſe it reaches beyond the Vaite une, 
is indeede 1 29$g, according to Chap. 1. Se. 7, and fo is 
the diſtance 1twſt'y raken, | hen ſubducting 9039 from 
129$9,there will remaine 395 2: which divided by 4+ 7, 
the quotien: will give 7go . wherfore go z39 + 79), icil. 
98:9 inthe fift circle doth agree with 915 un the t- arth 
ciicle, whichis the firſt midle proportional, And 9:39 + 
ewilc 799, ſcil. 1061g in the htt circle doth agree with 
I 115> inthe fourth circle , which is the ſecond midle pro. 
rionall, An inthis manner 1 3:5:4, and 16,5888 ywill be 
tound the the d and fourth midie propertionals, © 


10 Theor, It from the Ratio given, being multi- 
plicd init ſelfe according to the number of cermes, 
you ſubdut r, and multiply the remainder, by the 
antccedent of the ratio, Tt will be 

As the difference of the termes of the ratio, is 
un'o the product ; ſo is the firſt rerme, to the ſum 
of the Progreſsion. 

As for example if the Ratso of the Progreffion be R to 
S: and the drſferenee of R taken ont of $ be D.and the fir f 
terme of the Progreſſion ©: and the whole ſwmme of the 


termes Z it (hall be, 
D 2 D » Fate 


Of continall Proportion, Part l. 
D . rat. mui® — x in R _ . 1 . Z . 

W hich isthe very Theoreme ir ſclfe expreſſed in Syw. 
boles of words :that it may more eaſily be tixed in the phan- 
tafie, W hich proportion allo wee mult conſider, duth 
hold both «lternly, and conwerſly. 

This Theoreme may otherwayes be exprefſ.d, by the 


equality which the produ ofthe two midle termes hath 
ro the produR of the two excreames, thus 


Ratio maltiplicata —1inRin*®—ZinD. 

bo manner of downe Theoremes , whether 
they be Proportions, or | $ymboles or notes 
of words , 18 moſt excellent, artificiall, and docrinall. 
W herefore I earneſtly exhort every one , that defireth 
thoagh but to looke into theſe noble Sciences Mathema-: 
tical!, to accuſtome themſclues unto it: and indeede it 1s 
caſie, being moſt agreeabletorealun, yea even to ſence. 
And out of this vgs oe many ſingular conſeQaries 
be drawne : which without this would , it may be, for 
ever lye hidgp in this preſent proportion : becauſe it is 


D ; rat, ul®—trinK:: < ,Z . wherefore 
Rat. mul®*®—1inR.D ::Z.s . And 
4 » Z » 5 D, rat. mu* —11nR 


Theſe are « xceeding cafie + but this fc liowing is more. 
d1iHculr, and requireth attentio!!., 


In the former £quarion It was 
Rat, mul®—rTinRine—=ZinD 

Now becauſc Rat. mvl® —1inRin «, 

and Rat, mul®* Qin R in<—R in ©, 

and Rat. mul®inR— Rin, 
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and Rat. mo in «<—<inR, 
are equall one toanother , and alſotoZ in D, theſe xqut- 
tions ſhall alſo be cont: Qtarious. 
Rat nu'ta— 1 mRneDZ ; 
- = 


— 


and Zin D= rat. mu® inR—R . 
«a 


and Z in D —=ratemu;®in 4—© , 
K 


and ZinD+Rins =rat, mu." 
R ins 


And beſides theſe many more. The practiſe whereof 
I leave to the induſtry of the ſtudious Reader , eſpecially 
having delivered the whole Art of ſuch operations in my 
Clavis Mathematica, 

Some of theſe I have occafion to uſe in the ſcRions 
following. 


11. Therefore the Ratio of a Progre(- 
ſion, «nd the firſt terme, and the 
number of termes being given, 
to finde the ſurame of the whole 
progreſſion, 


For this operation the rule , or Theoreme laſt before 
ſerveth : for byit 


Rot muta —rinRtine— Z7, 


— '—_— —— MC R —— —— 
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Of continuall Propertion, Pax IL. 


Example, If an Amity of 5%, be detained 7 yeares, 
w hat will be the «mowne thereot by intereſt upon intereſt 
after the rare of x00 unto 108 ? 

Now becauſc the e Amount «r the ſumme of the Progre/- 
fron, Whereof the firſt rerme bs the annuit1#, Multiply the ra- 
10 into ir ſelfe according to the number of yeares, by 
Chap. 4.SeR.2, and it will be 117 13®2 : from which it you 
ſubduR an vnite, there remaincs 0171:#2 , which multi- 
plied by 1co maketh 711132; chen terthe Armes of the 
Index at 1 and 71,2 ; and bring the Antecedent arme 
which ſtood at 1, unto 5 the firſt rerme: and the conſe- 
quent arme will cut 356,95 (that is Rat. mu®— x inR 
in « ) and laſtly this number being divided by 108 —1co, 

(cil. by $, the quotient will give 4449, for the ſamme of 
the Whole progrefflon : andſo much 15 the awewne {oug ht for. 


12. The Ratio, the Number of T ermes, 
and the Summe of « Progreſiton be- 
ing given, to find the fir? rerme, 


By the conver/e of the foregoing Theoreme, it is ma. 
nifeſt, that 


Rat: mul® —-=x:4#R . D FF YE 
The declaration in words wasinthe 10 Sc. 


Example, If an «Anzwitie detained 5 yeares by Inte- 
reſt upon Intereſt, afrec che rate of 200unto x08, uid 
increaſe unto 441545, how mack was that Annuitic ? 


Multiply the Ratio into ir ſelfe according to the num- 
ber of yeares ( per cap. 4. /of4.2.) and the product will be 
117':82 : from which if you fubduRt an Ynite, there re 
maincs of '*8:: this betug multipled by 100 doth make 
711:3:, lhenfay 


ail? , $ 2 2 1 . 5 «© 


for 


- 
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at 


toc cue Fuſt cerme 3 which was the Auxerre tought 
for, 


1 3 The Ratio, the Firſt terme, and the 
Summe of the Prozreſs.09 being gi- 
ven, to find the Number of termes, 


By the Theore me inthe 10. Sect. it was 
s , & 2: $ DD. . $6 QnP—1MmaKke 


W herefore ſet the Antecedent arme of che Index unto 
the Antececent terme of the ratio, and che conſequent 
arme unto the Summe of the Progreſſion : and with that 
ſame opening, bring the pecbts. a arme unto the ditte- 
rence ot the termes ot the ratio ; and the conſequent arme 
wil ſhew anambcr(chat is Rat.mul. — 111 R;) which if 
you divide by the Anteccdent term: of the ratio,and unto 
the quotient adde an Vrate, you thail have the ratio naul- 
tiplicd into it ſelfe according to the number of ter mes. 
Therefore taking the diſtance betweene the ter mes of the 
ratio, with the armes of the Index , meaſure by helpe of 
the fift circle (per Cap. 4. Sef7,7. )how often that diſtance 
may be found inthe multiplicd ratio : for ſo many are the 
rermes of the progreſſion. 


Example, If an Ammitie of 5": detained by Intereſt up- 
on intercſt after the rate of 100to 108 , increaſed unto 
445140%, How many ycares was the Annwxie detained ? 


Set the Antecedent arme of the Index at 5,and the con- 
ſequent arme at 44:£!42 and with the ſame opening bring 
the Antecedent arumc unto $, and the conſequent arme 
will ſhew 7125: (that is Rat. mul® — x in R:) this 
number being arv1ded by r00,will be 0,7 1:8: : and if unco 
the quotient you adde 1, you ſhall have 1.7:'52 (the ra- 
tio multiplied into it ſelfe according to the number of 
yeares : ) unto which in the fift circle anſwereth 2338 : 

buc 
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but unto 108in the fife circle there antwererh 0334. di- 
vide therefore 2338 by 03343 and the quotient will be 7, 
for the number of yearcs tought fore. ba. 


Or ſuch queſtions may be more eaſily performed by 
this Theoreme , which the induſtrious Reader may by 
himaſelfe practiſe. 

ZinD+Rin«= rat, mult* 


Kine 


14 Theor, If the ſumme of the whole progreſſi- 
on be divided by the ratio multiplied into 1t ſelfe 
according to the number of termes, the quotient 
will be the firſt rerme , and that ſumme given will 
be the laſt terme , of another progreſſion , having 
the ſameratio but one terme more, 


15 And becauſc a ſurnme of mony the amount where- 
of in any number of yeares given, by Intereſt upon inte- 
reſt, doth equall an Annuirie ſo long detained, is cquiva- 
lent to the ſame Annuitic ; and the amount of an Annuitic 
is the ſumme of a Progreſſion continucd from that Annui- 
tic. If therefore an Annuitie for any number of yeares be 
divided by the ratio multiplied into it ſelte according to 
the number of yeares ; the quotient will be the juſt price 
of an Annuirtie to endure for ſolong. And becaule by the 
1 Sand x1 Sc. it hath beene ſhewed that 


Rat. mu'ta —rinRine — tothe amount. 


Therefore by the 14 Sc, Rot.muln —1inRin 
Rat mula jn 


will be cquallto the price of an Annuitic in ready money, 
which ſhall be the Ralc for the operation folluwing. 
W here- 


ParT I. Or of Proyreſsion Geometrical. 


=” herefore alſo 
Rat.mul® — 1inRin«<=Rat.mu:*inD in Pret, 
which proportion is thus enuntiated in words. 


Theor, If from the Ratio muiltiplied into it ſelfe 
according to the Number of yeares-you ſubduan 
Vnite, and the remainder be multiplied continu- 
ally by rhe Antecedent of the Ratio , and the An- 
nuitic it ſelfe : Aud againe, If the Ratio multiplied 
into it ſelfe, accordingto the number of yeares be 
multiplied. cominually by the difference of the 
termes ofthe Ratio, and by the Price: both thoſe 
produQs will be equall. 


Example. An Annuitie of 5%, to endure for 7 yeares, 
is tobe fald: what 18 it worthin ready money, after the 
Rate of 100 anto 108 ? 

The Ratio multiplied into it ſelfe according to the 
number of yeares (per (ap. 4 Seft.2) is 1.7178: ſubduty, 
and there will remaine 07.1332 : which mulriplied by 106 
maketh 91,782 . Then ter the Ant ar arme of the 
Index at I, and the conſequent arme, 711332 : and keep- 
ing that ſame opening, bring the Anteccdcntarmeunto 5 ; 
and the conſequent arme will ſhew 356 95 ; keepe this 
(forit ig r19r ul —1mRine),, After that ict the Ante» 


D 
cedent arme of the Index at x, and the conſequent arme 
unto the multuple ratio 1/7'3® ; and with the ſame 
ing bring the Antecedent arme unto $; and the confe« 
quent arme will cut 13/7!2* , keepethis number alſo (for 
itis Rat.mul.in 1). Laſtly,vlace the Antecedent arme of 
che Inlex at 13,795 , and the conſequent arme at r; and 
with the ſame opening bring the Antecedent arme vnto 
356,*'5 : andthe conſequent arme will ſheyw 26,321. 

E which 


nn CIT 
O— — — ——  —— 
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which is the iaſt Price of an Annuitic of 5% in readic 
money. 
16 And by the laſt przcedent Theoreme or Rule, alſo 


Rat mul. in Din Pret — @ , 
_— Katimul,—k 


which Theoreme may bee enuntiated in words as was 
there ſhewed. 


Example. An Annuitie for 7 yeares is bought for 
26,932li. after the rate ef 100 unto 108, by Intereſt upon 
inccreſt : how much was that Annuitic + 

The Ratio multiplied into it ſelfe for the number of 7 
yeares (per Cap: 4, SeA. 2)is 17:3; which multiplicd . 
continually by 8, and by the price , doth make 3 56,91. 
Divide this number found, by 7113#:, (which is the mu/- 
raple ratie) it ſelfe lefle by an Vnite,and multiplied by 100: 
and the quotient will be-5% , the Annuitic ſought for. 

17 Alſoby Rationation from that przcedent rule will 
follow this propoſition 


R in « ' _ Rat- mul*®. 
Kine —FPict.ia D 


which is thus enantiated in words. 


Theor, If the produdt of, the Antecedeat of the 
ratio multiplied by: the Annuitic be divided by it 
ſelfe, being diminiſhed by the product of the dif. 
fercnce of thetermes of the ratio multiplicd by the 
Price: the quoticnt will bee equall ro the ratio 
mulriplied into it ſclte according tothe number of 
yeares. As | 


If the ratio be 100 unto 108; the Annaitic gi: and 
the price thereof 266321i- Set the Antecedent arme of 
the 
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reuce of the termes of the ratio : and with the ſane cpe- 
ning bring the Antece.lent arme unto 26122 —:; and the 
coatcquent arme will ſhew 208255: which ſubducted 
from 500, there will remaine 291,744, for the diviſor, 
Sertherctore the Antecedent arme ot the Index at the 
drviſor 291,744, an4 the conſequent armeath : and with 
the ſame opeaing , bring the Antecedent arme untothe 
dwidend 5.00: and the contequent arme will ſhew 17158, 
which is the ratio multiplied into it ſelfe according tothe 
number of yeares. And by this number fo found itwill 
be caſe (by helpe of the fift circle) the 7«tio of the Inte- 
reſt being given, to finde the continuance of the Annuitie. 


Example, An Annaitie of 51, was bought for 2601:li—, 
aftcr the rate of 100 unto 108 : how many yearcs 18 it to 
laſt ? 

Firſt ſeeke out the ratio multiplied into it ſelfe accord. 
ing to the number of yeares,Which will be 1,773, accord- 
ing as was even now {hewed in this Sect. ro coals inthe 
fitt circle there anlwereth 2338 : bur unto 108 there an« 
iwerethin the fift circle 0334. Divide therefore 2338 
by 0334; and the quotient will be 7 for the number of 
yeares ſought for, | 


the Index at 1 , and the conſequent arme at 8 , the diffe» 


Of Quadrating and Cubing, Part 1. 


Cuar. V. 
of the Quadrating ,. «nd Cubing of Numbers, 
FT Rootes: and of the Extraction of 
the Quadrate, awd Cubic fide, or roote, owt 
sf Numbers, or Powers given. 


iD F « number, fide, or roote be multiplied into 
a i ſclfe ; the produtt will be a Dnagra. And 
1 Rats 5 4 quadrate bee multiplied into bis ewne 
Y ſide, or roots, the prodntt Will be a Cube, 
Whcrefore 4 44 8 © W.. 

and-: 4s; W121 Q., 6C 


2 Iftherefore anumber be given to be Quarrated. 
Set the «A ntecedent arme of the Index at 1, and the conſe= 
vent arme at the number given : then With the ſame opening 
ng the «Amecedent arme to the number given ; and the con- 
ſequent arme will ſhew the Onadrat cheruf 


And the number of figures in a Quac'rat of a ſingle 
root (or which doth notexceede 9) is caſily found out by 
choſe Rules, that have beene befote delivered concernin 
Multiplication. Burt if a fide or root conſiſt of more 
gures thenone ; for cach figure after the firſt it acquircth 
two more places of figures. And if any of the figures of 
the root given be decimal parts, cut off from the Quadrat 
found, twice ſo many of the laſt figures for decimals, 


Example ]. The Quadrat of the (ide 7 is required, Say 
I ». TT $3. ©” 8 
Set therefore the Antecedent arme of the Index at 1, 


and the conſequent arme at 7; and with that opening 
bring 


"rack dar er Eo 


Parr L. Of Numbers,@c. 


bring the Antecedent arme unto 7 ; and the conlequent 
arme will ſbew 49 which is the Quadrat ſought for. 


Example 1 I, The Quadrat of the fide 5 7 is required. 


Set the Antecedent arme of the Index at 1; and the 
conſequent arme at 57: then with that ſame opening 
bring che antecedent arme unto 57; and the contequent 
arme will ſhew 3249 , which is the Quadrat ſought for, 
conliſtiag of foure places. 


Example I1T, The Quadrat of the ſide, or root 570 is 
required. 


Having found as before, 3249 for the quadrat of the 
fide 57 2 put thereunto two circles : and it will bee 
324.9009, k ahiy rs ſought for. 


Example 1 111, The quadrat of the fide 574 is re« 
quired. 

Set the Antecedent arme of the Index at r, and the cor« 
ſequent arme at 574; and with the fame opening bring 
the Antecedent arme unto 5 74; and the conſequent arme 
will ſhew 329476 , the quadrat ſought for conſiſting of 
ſixe figures : but the two laſt figures cannot at all be dif 
cerned by the Inſtrument. 


3 Ifa number be given to be Cwubed. 


Set the Antecedent arme of the Pudex at 1 , and the conſe 
U arme at the number given ; and With that ſame opening, 

ng the eAntecedent arme unto the number given ; and \ 
conſequent arme Wall ſhew the 2 nadrat ; then bring the CAn« 
precedent arme unto the 2 uadyat , and the conſequent arme 
With that ſame opening will /bew the Cube of that fide given, 


The number figures in a Cube of a ſingle fide, or root 
which doth nor exceede 9, is calily found by that which 
hath beene before delivered conceraing Mu't: —_ 
E 3 ut 


Of Cubring of Numbers, Part L 


But it the fide , or root conſiſt of more figures then one ; 
for cach figure after the firſt it obtaineth three more pla- 
ces of figures. And if any of the figures of the root given 
be decimal parts, cut cfftrom the Cabe found thrice to ma- 


ny of the laſt figaresfor decimal parts. 


Example, The Cube of the (ide, or root 7 is required, 

Say, SY ee 7 ES oP 

apaine 2 « 7 :: 49 +» 343 » 

Set therefore the Antecedent arme of the Index at x, 
and the conſequent arme at 7 ; and with that opening 
bring the Ancece-ent arme unto 7, and the confequent 
arme will ſhew 49 the quidrat thereof : Then {cr the 
Antecedent arme at 49 ; and the conſequent arme (with 


tha: firſt opening) will ſhew 343, which is the defired 
Cube of the fide propoled. 


Another <xawple, The Cube of the (ide, or root 57 is 
required. 


Set the Antecedent arme of the Index at r , and the 
conlcquent arme at 57; and with that ſame opening bring 
the Antccedent arme urito 57 ; and the conſequent arme 
will ſh:w the quadrat 3249. Then ſet the Antecedent 
2rme at 3249 ; andthe conſequent arme keeping the for- 
ar opening will ſhew 185193 , whichis the required 
Cabe of that [ile propoſed, cor fifting of fix places : bur 
the two laſt figures catinut be known by the Inſtrument. 


Example 1 I 7, The Cube of the ſide 5 70 is required. 


Hauing found as before the Cube of the ſide , or root 
57to be 185 193 : put thereunrothree circles ; and ic will 
be 185 193000 the Cube fought for. 


Examples of greater Cabes , it will be needlefle to ſer 
Nee 
4 T he 


Parr l. Of the extrafion of Square roots. 


- , 


= 4 The Extratiion of the Square, or Lnadrat root,or fide, 
is done by helpe of the fift circle, after this manner. 


Set the Index at the © uadrat propoſed; and of that num- 
ber which it cxts in the fift circle, take batfe: then ſet the In. 
dex at that halfe ; and u Will rw in the fourth carcle, the ſiae, 
or root ſong hn for. 


But you muſt know that if the number which is the 
Quadrat propoſed, have onely rwo places of Imegers,the 
{ide,or root confiſteth of one figure. But if it have more 
places of Integers, dividing them by 2, the quoticnt will 
give the true number of tigures in the root, 1t it meaſure 
it exactly ; or one lefle theathe true number if any thing 
remaine. 


Example 1, The tide, or roct of the Quadrat 4g isre- 
quired. 

Set the Index at 49 in the fourth circle, and it will cut 
in the fift circle 6922; in leede 1. 6992 having the gradw- 
all number 1 przfixed, becau'e 1 in the tourth clicie figs 
nifieth 10, one circwation thereot being finiſhed : the halte 
whereotiso. 8451. Then fet the Iadex at 0.8451, in 
the fift circle; and it will cut in the fourth circle 7, the 
ſide, or root ſought for. 


Ex«mple I 7. The ſide, or root of the quadrat 3249 is 
required. 


Set the Index at 3 249 inthe fourth circle, and it will 
cut in the fift circle 5118; indeede 3.5 118 prefixing the 
gradual number 3, becauſe 1 inthe fourth circle fignitieth 
1000, three c:rcu/40n7 thereof being finiſhed : the halfe 
whereof is 1+7559- Then ſet the Index at 75 59, omit- 
ting the prefixed graduallnamber x ; and it will ſhew in 
the fourth circle 5 7 the (ide ſought for, conſiſting of two 
figures, becauſe x in the fourth circle ſignificth 10. 


Example 


Po 


22 


of the Extraftion of Cubic rrotes Parr I. 


Example 111, The fide of the quarat 329476 is re- 
quired. | 


Setthe Index at 3 29476 inthe fourth circle,and it will 
cut in the fiftcircle 5178; indeede 5.5178 prefixing the 
gradual numwber 5, becaule 1 in the fourth circle fignitieth 
100000,five circuitions thereof being paſt over ; the halfe 
whereof is 2.7589; Then ſet the Index at 7589 , omit- 
ting the gradual number 2 prefixed thereto; and it will 
ſhew in the fourth circle 5 74 the ſide, or root ſought for, 
conſiſting of three figures, becauſe 1 in the fourth circle 
deth fignifie 100. 

5 The £xtrattion of the (mbic voote , or fiat is done by 
helpe of the fift circle after this manner. 

Set the Index at the ('nbe ed; and that number Which 
it cnts tn the fift circle ds 3+ T hen ſet the Index at 
that Pane > and it will ſhrw in the fourth circle the fide, or 
roote ſong for. 

And you muſt know that if the Cube propoſed have 
onely three places of Integers, the ſide, or roote thereof 
confiſtethot one figure : But if it have more places of In- 
tegers ; divide them by 3, the quotient will give the true 
number of the figures of the Root , if it meaſure it exact» 
ly ; or one lefle then the true number if any thing re- 
maine. 


Example I, The (ide, or roote of the Cube 343 is re- 


quired. 


Set the Index at 343 in the fourth circle, and ir will 
cut in the fift circle 5353 ; indeede 2. 5353 prefixing the 
graduall number 2 , becaule 1 in the fourth doth fignifie 
109, two circuitions thereof being paſt over : the third 
part whereof is 8451. Then ſet the Index at 8454 , and 


1c will Chew in the fourth circle 7 , the fide fought 


for. h 
Example 


br 


Parr I. Of extraftion of the Cubic Roote. 


Example IE. The fide, or rooteof the Cube 185 193 is 


required. 

Set the Index at 185194 in the fourth circle; and it 
will cut in the fift circle 2677 ; indeede 5.2677 prefixing 
the graduall wewber 5 , becauic x in the tourth circledoth 
fignitic 100000, five circitions thereof being paſt over : 
the third part whereof 13 1-75 99+ Then (et rhe Indexar 

599,omitting the prefix2d gradual nwwmber 1 ; and in the 
ourth circle i: willſhew 57, the fide, or root ſought for, 
conſiſting of two figures , becauſe 1 in the fourth circle 


_ doth lignike 10. 


Examples of greater Cubes it will be needlefle to ſet 


Wac. 


33 / 


Of Date Prqurn 


Part + 


CHna?e,VI. 
Of Duplicared, and Triplicated pro- 


10N, 


port 
And firi# of Duplicated proportion, 


Thereme, 

The g laines are in « Duplicated ratio, that 
is, 4s the Quadrats of their hamoleg al 
ſides, And therefore queſtions inthe 
which the fides of like planes are compa- 
red doc appertaine vnro this place, 

And it is to be m-ted, that if three numbers be given, 
in which As the pus of the faſt, tv wnto the quadrat of the 
ſecond ; ſo ought the third to be unto a number /onght ſor. Let 
it be thus dcne, As the fo ft number us tothe ſecind ; ſo is the 
third to fourth; And againe As the firſt number , # 19 the 
ſecond ; ſo 1s the ſourih now founa, to the number ſought for, 


Example I. There are two like retangle Aree,or plaines, 
the length of the greatcr , is 40 feete , the length of the 
lefſer 24 feet : each of them paved with paving tiles ; the 
greatcr hath 1200 tiles : how many ſhall chelfer have? . 


The Aree, or plaine: are one tothe other , as the qua- 
drats of the longitudes given. Andthe proportion isdi- 
rec. Say thcretore 


1600 (Q: 4) + $76 (Qz 24) :: 1200 « 432. 


which is the number of tiles contaived in the payement 
of the lefſer Are, or plaine. 


Example 11, How many Acres of woodland meaſared 
with a Perch, of 18 fete, are there in 73 Acres of cham- 
pane land, meaſured witha Perch of 16; fecve ? 


The 


—- 


Parr. Of Tripticate Proportion 


"The meaſures given (18,16; )being reduced into their | 
leſt termes, are a$ 13 unto FI : and the quadrars of theſe 
numbers, are, 144, 2nd 121.- Andthe Proportion is Re» 
ciprocal). Say therefore 


if 
144 (Q;: 12) + 121 (Qz 112) ++ 73 Ge 6622 
and ſo many are the Acres of Wood land. Tz 


-Of Trip licated proportion. 


3 Theor, Like Solids arcin a Triplicated ratio, 
that w,As the Cubcy of rh-ir homalogal lfides. And 
therefore queſtions in which the ſides of like ſolids axe 
compared, dove appertaine unto bus place, 

4 If thr mndbers be given in the which, A5 the 
Cube ot rhe firſt is to the Cube of the ſecond , fo 
is the third number to anumber ſought for. Let i 
be thus done , As the firſt number is rothe ſecond ; 
ſo is the third to afourth : Againe, As the fiſt is to 
the ſecond ; {o 1s the fourth now tound unto a fift. 
And thirdly, As the firſt is to the ſecond ; fo is that 
fift to the number ſought tor, 


Example, If $5.1», of gunpowder , ſuifice to char 
a Gun, whereof the concave diamcter is inch 1+. How 


many pounds of powder will ſaitice to charge a Guane, 
wholc concave diameter is 7 inches ? 


Thecapacitics are one to another, as the Cubes of the 
diatnercrs. And the p: oportion is dire. Say therefore 
387 (Crs). 343 (C:7):: on - 41+ 
7 Ig 43.2, of Gunpowder, will bee necefull to 


F 2 Another 


Of Triplicate Proportion. Parr 1 


Another cxawple, 43/7», of Gunpowder .are ſuici- 
ent rocharge a Gun , whote diameter in the concave is 7 
incbes : now there is another {orrof Gunpowder, much 
more ſtrong and forcible, that is in ſtrength unto the for 
mers 285 vnto 3 : How much of this ſtronger powder, 
will ſatfice to charge a Gun of 4 inches diameter ? 

Here are two operations : the firſt ſeckes out , how 
mach of that Rronger powder ſutticeth t9 charge a Gun 
tg eas. and the proportion is reciprocall, 
that is ; 

5 : 2 tt 437 «- 18. 1715 

NI FRnny operation is like that in che former cx- 
ample. 


343 (Cz 7) 64 (Ce 4) 11 154% + 28% 


: 


Parr. Of (rcles 


37 


Cnaye, VII. 


Concerning the Mealuring of Circlcs, 
Cones, Cylinders, andYphezres, 


> R chimedes in a 
proportion of the 
the Circumferenc 
y dealc greater then 

x@>09 late Ludoiph Van Centen in{ilting in the 
ſame {teps of eArchimeaes, hath more precitely tound it 
to be of « vnto .31'4159*653 589793 but tor our Inſtru- 
ment it will be ſurhcicar to takethe ratio of 1 vnto 34416, 
Or of 08183 +untot : leaving the diligent practiz.r, to 
more «<xaQneflc, if he plcalc to uſe his Pen, 


And note that the Rules following are ſer downe in 
proportions, to be wrought as hath been taught in Chap. 
2, SeR.z3. Wherein | 


D, or Diam. fignifieth the Diameter. 

Dq, or Q, Diam. the Quadrat of the Diameter. 
Dc, or C. Diam. the Cube of the Diameter. 

R, or Rad. the Radius, or Semidiameter. 

P, or Pertf. the Periferic, or Circumference; 
Pq, the Quadrat of the Periferic. 

Long. the I-ngth. 

L the fide, or latus 

Alt, thealticude. 


*, ſheweth chat the two magnitudes berweene 
which it is ſerz are to be multiplied rogether. 


F 3 In 


Treatiſe found the 
mcter 9f a circle to 
o beea wcry imale 
72 nnto 2a: And of 


Of (rcles. "Pa «T1. 


In « Circle. 
2. The Diamcter of « circle bring given, 
zo finde the Periferia, Say, 
7 » 23, Or 8 . 314 :: Diam . Perif . 
Exemple, A cirde'is given, the Diameter whereof is 
12, I would know thecircumference , or Periferia of ic. 
Say, 
{ I. 31/46 :: 12. 0. gal, 
3 ThePeriferia of « circle being ginen, 
#0 finde the Diameter. Say, 
22+» 7 Or x . o#"'Y+S ;; Perif - Diam . 
4 The Diameter of « circle being given, 
to finde the Arca, Say, | 
7 *4 + 23, Or 1 « of :: Q; Diam. Aren ; 
Or els 7 . 3046 :: Qtr Rad Area. 
E . Acircle is giuen;the diameter whereof is 12, 
x eva Say, y 
I - 003544: M44 (Qtr) '- 113297 , 
Ori >» $495 24. 36 (Qt: 6) « 1136976 
5 The Area'df a circle being ginev, to finde 
the Diameter, Say, - | 
22 + 744, Or 1 . 187324. :: Area's Q: Dim , 


. Acirclc is given , the comment whereof is 
113.2975, F would knaw the Diameter oft. Say, 


1 + 12734/:: m3 144» 


6 The 


— 


Pancy | of Cones. 


6 The Periferia of a circle being ginen, 
to finde the Area, Say, 


22%4 » 7, Or 1 » 08299775 :; Q; Perif . Area. 
7 The Area of 4 circle bring giues, to finde- 
the Periteria, $49, 
7 - 22%4, Or 1 , 13455637 :: Area , N:Perit 


In a Cone. 


$ The fide of a right Cone, andthe Dia- 
meter of the baſe being gizen, to find 
the Superficies, $4, 
7 « 22, Or 1 . 3024'* :: 4 DT , Superf. 


Example, A Cone is giuen, whereofthe fide is 18, and 
the diameter of the baſe 12, 1 would know the ſuperficies 
of it. Say, 


JF » 311416 :t: 2108 (3D»L) _ g30292 , 
9 The Axis, or height of a right Cone, 


andthe Diametcr of the baſe, berng 
Linen, to find the Soliditic, Say, 


7*4 +» 32, Or 1 . og%4 :: Dqin; Axis. Soliditie . 


Example. A Cone is giuen, whereof the Axis is18, 
and rhe Diameter of the baſe 1 2 , I wonld know the So- 
lidity. Say, 


I' . 07%54 :4 864 (Dqinzaxis) » 678295 , 
In 


"Of Cylinders and Spheres, Pant L 
In a Cylinder. » 


10 Theſide ofa right Cylender and the 
Diameter bemg given, to finde the Su- 
perficies. ſay, | 

y + 233, Or 1 , 3/425 23 Diam: » axe + Superfic. | 

11 The Side of a right Cilinder, and the 

Diameter benz given, to finde the So- 
liditie, Say, 
7*4 + 22, Or 1 , off*'4 2: ; Dq=l. . Soliditice 
12 TheSide ofa right Cylinder, «nd 


the Circumference P, being given 
#0 finde the Soliditic. Say, : 


23-»4 «7, Or 1 + 01799775 : ; Pq=L . folidit. 
In a Sphere. 


13 The Axis, or Diameter of a Sphere be: 

mg given, to finde the Superficies. Say, 
7 + 22, Or 1 . 311415 + 3 Dq. Superficics: 

14 The Superficics of 4 Sphere being gi- 
ven, to finde the Eh Say, 

23 + 7, Or 1 , 031837 x; x Superke : Dq .. 

15 The Segment of 4 Sphare being given, 
try roma Say, 


7-4 22, Or x 4 30926 4 ; emo & Saperli n 
: 16 Tho 


ISS LE: - oor Pub Af 


Pazrtl. Of Spheres. 


16 The Axis, or Diameter of a Sphere 
being ginen, to finde the Soliditic, 
$4), 


Example, A Sphere is giacn, whereot the Axis is 1 2, 
I would know the tobdity of it. Say, 


I -- C8336 :; 1928 (Dc) . Fawn. 


17 TheSoliditic of « Sphere being ginen, 
to finde the Axis, Say, 


233 . 7*6, Or 1 . 149986 :: Soliditic . Dc » 


Example. A Sphere is giuen , the Solidity whereof is 
$901($293, I would know the Axisthereof. Say, 


1 . 1199986 ;: 5go(29# , 1728 (Dc) . 


18 4 Segment of 4 Sphere being ginen ts 
finae the Soliditic, Say, 

Firſt. «As the altitude of the other Segment, 31 to the alth- 
tude of the dens 2 ſo 5 that atritw 1c of the other Seg- 
men ancreaſed by belfe the Axiazonte a fourth, Then againe 
fay, Ar 7»3 #1021, Or as 14410 10472 : (0 the produtt of 
the at of haiſe the chord of the Persferia of that Srgmuent, 
mwiryplied by that fowrth, to the Solidutie, Viz. 


7*3 » 22, Ort, 199 23 pwn - Solidit. 

19 For nots thata Sphzre, is equall ro two 
Cones, having their height and th- diamerer of 
their baſe, the ſame withthe Axis of the Sphz-e. 
Or which isall one , A Sphere is twe third parrs, 
of a Cylinder, having the wy yet and the diamerer 


of the baſe the ſame with rhe Axis of the Sphzre, 
us G CRAP. 


Ys ade - 


4 
a. 4 


Cnar, VIII. 
Concerning Plaine, and Solide Meaſures, 


He dividing of the Carpemers raler inte 
"> Inches, and halte , and quarters, and 
ws haltc quarters of Inches, chat is «f e- 

very Inch into cight parts, is moſt 
inarrificiall, and for meaturing,by 
reafon-of the mam1fuld denominations, 
ht into one, and is hard to bee done 
of them thar are vnskilfull. Iwenld wiſh cherefore that 
Inchwere digided into 76 parts, or rather 'that 

the foot were divided into 100 which is beſt of all: 
for then there will neede no reduRtion. And all other di- 
viſions auſt bee reduced vynto this, by theſe Rules 


ing» L | 
Y 2. lt the meafures be taken vpon a Ruler diuided into 
Inches and tenth parts of an Inch, firſt take our all the 
whole fer, and then digide che Inches remaiming, with 


there will remzine Inches g,3_ : which being diuided by 
I2, __-_ ſhall baye 4.42 thoutand parts almoſt : wherefore 
Inches 171, isfect 11442 .— +. And contrariwiſe, 
feet 11442 — , ſhall be reduced into Inches 191_, be- 

1hg muitiplied by 12. Ip 
-. If the meaſure bee taken vpon a Ruler diuided into 
and halfe :,.that is cach inch into 8 parts, 
the ci into decimals of 


Ss Of Plaine Meaſures, Parr 


rr nn OCs 


—_—_A. 


— —_— 


Par. Plaine Meaſures, 


Rui, reduce the laches, and decimall parts, into deci- 
mall parts of a foot, - | 
Example. How many feet , and decimall parts of a 
- foot,arcin 7 inches, and 5 cight parts ? 
| Firſt diuide the 5 cight pres by 8, and you ſhall hane 
625 thouſand parts: which being to 7 inches, will 
make inches 912.57 Again dinide thete by 12,25 wastfiew- 
ed in the former tule:and thewhole meaſure will be feere 
01635 . An3contrariwite fect 0195, will be revaced in- 
to inches 725, being malciplied by 1 2. 
- - 4. Imult adviſe ali-choſe that haye occaſion, tomea- 
fare Plaines, nr Solids, co-make;theantelacs very pertedt 
inthis kind of Reduction(becauſc moſi Rulers they {hail 
_ ordinarily meet withall, are diuided into inches , and 
halte quarrers) which will be yery ealietothem, if they 
doe. bug remember, that /» dimen the firſt rerme of the 
pr opertien implyed, is the Diniſer it felfe > but in Mntriph- 
cation, the firſt terme is exermore 17 as hath beene ſhewed 
in Chap: 2, Set: 7. Andrherefore, projuning onthe 
diligence of the Practiſcr herein, I ſhall nor c in this 
kind of meaſuring, to ſpeake anymore of inches, but of 
_— decimwall parts of feet, as if the Ruler were fo 
diu1 


- 


Of Plaine meaſures. 


8 AParallelogram, or foure fided reQ- 
angle Superficics, being propok 
to fad the length of « Super 
forte. 


Take with your Rider the breadel thereof in fecr,and 
progeny ef wgnchiekoger py ene ncdy on 
1, the quoticnt length of a oof. 

Example, A boord is feet 1117 broad , how much 
| Akereot will make a foot ? | ——_ 

G 2 Diuide 
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Divide x by 177» the quotient will bee 0855 almoſt : 
ſo much ſhall the length of a foot be, which multiplying 
the parts by 12, will give inches 1025 , And againe 
——_— mu!tiplicd by 8, wall giue 2 cight parts of an 


Example, 1]. Intileing, or healing they vie to rec- 
kon by the Square, which 1s 16 foot cacry way, in al! 
100 rect. There is » feet 164** broad, how much 
thereof mak<th a Square ? 

Diuide 160 by 16Ef the quotient will bee 61' 44 al- 
moſt : ſo mcn ſhall be the length of one ſquare ; which 
eulriplying the parts by 12, will be 6 feer, and inches 
113: — almoſt. And agune thoſe mulciplicd by 8, 
will giue ſomewhat more then 6 eight parts of an inch. 

Example, ][] : In paning an Ain rg he the 
yard, which 18 3 fect cucry way, in all g feet, There is 
a roome to beepaued, which is. feet 19115 broad ; how 
much thereof —_— 


rd? 
Diuide 9 by 1,135 , lent will be 0919 almoſt, 
the lcngeh + a 


6: A fower fided reflangle Super ficies,' 

with all the c ide porelly 

. being propoſed, to find the con- 
bent, 


Take with your Raler both the breadth and length 
ofr 364 multiply the one number into the other. 'engt 


Example, A board is feet 11'7 broad, and feet 16131 
long ; how many feet doth ir containe inall 2 


Mufriply r 622 117 the produt will be feete 1911 
almoſt : rh EE pan *_ 
Example; 11. nds 


Parrl. Plaine Meaſures, 


of theroofe terr,. 1625, and the lengrh of the barne is 
feet 47, how many ſquares of tiling hath ic ? 

Double the length (that you may haue beth ſides of 
the roofc) and it will be 94, which being multiplied by 
16}:5 , will gine feet 15 271:_ + Againe diuide thoſe feets 
by 100,fo ſhall you haue iquares 15877 . 


Example. 11]. A certain hall paued hath the breadth 
feet 17135 , and the length feet 3or*_, how many yards 
doth ut containe ? 

Multiply 17135 by 305_, theprodut will be feer 22g 
r'75 . Diuide theſe by 9 and the quotient will bee yards 
581797 « 


7. A fower ſided Super ficies with the two 
he of length onely parallel being 
propoſed, to find the content there- 


Take with your Ruler the length of the two parallell 
ſides thereof : adde both thoſe nambers together, mul- 
tip!y halfe that ſumme, by the breadth of che Superficies 
taken the ncareſt way over, and the produRt will bee the 
content thereof. 


Example, A Trapezinm, or fower ſided figure is pro- 
poſed, hauing two fides thereof paralle!l, che length of 
the loager parallel fide is fecte 18175 and the length of 
the ſhorrer fide is feere 14145, the breadth thereot being 
taken the neareſt way over 15 feete 1215,, 1 would know 
how many feere are contained in the whole Superficies ? 

The lengrb of the parallell fides are feor 18175 , and 
14145 , which added together make 33 i*_, halte whereof 
is 16/5 , which maltiplied byrhe breadth 1 24, the pro- 


duc will be 20715_, ſo many feer are contained in the ſu- 
$8. & 
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"v: A fower  fided Superficies which hath none 
of the ſides parallel, as alſo cuery nf rap figure of 
more {ides the fower d , mu: with 
Diagoniall lines bee dinlded Jnx into triangles. And 
ROtc ed euery —_—_ cantaineth ſo many tri- 


angles as it hath fides, abating 'two out of the 
aumber. Then thoſe triangles arc to be meaſured 


ſeuerally as followeth. 
9 To find the content, or brianf d 


T rjangle. 
Take the perpendicular , or necreſt diſtance be- 
reweene the baſe or kaowoe and the angle : 
and by that” 


the whole 


BatiF it bean Zquilaw ailevgle ſay, 
1000 . 433P!27 3: the ſide of the triangle , Area, 


10, To find the con/ent of a ſegment of 
4 Circle, whereof the fois is 
given in udegreerand denial ares, 


Firſt » As L00000; is to 1745 14 
a Sy, 191 tothe Arch a the ja 
Radins. kerpe this nwanberfound 
Againe by the 6 Se rcp: * four the owe few 
ef the: Arch, Then take the ditcrence 
—_—_ _ 
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32 The chord of any arch, tgrthor with 

\£: the Radius, "mg ſemidrameter of the 
whole crvcle being giuen , 10 finde out 
the Archir ſclte, Sy, 


M1 the R adins ginen , is 10 balfethechord (reckoned in 
the fourth circle) /o is 100000, to the inns of hatfe the ar cb 
(to be reckoned in the firſt, or eighth circle). W herfore 
double the arch found , and fo haue you the arch of the 


cherd propoſed. 
12 To fnde2 Quadrat,# Square equal 


toa ſuperficics 2i#cy. 


Firſt, ſecke out (as hath becne taught) the content of 
that ſuperficics : then take the quadrat roote thereof by 


Chap. 5, SeRt.4. 
Of Solid meaſures. 


__ »3' »#Coſnmne, or Cyfinder , having 
the baſe,ro finde how much of it ma- 
| kerhafovrlolid. 


© By a ('olnmwre I meanc a ſolid body arifing from a plaine 
baſe, the angular lines wheresf are parallel, and cquall : 
and if the angular lines make right angtes with the baſe, 
it js 4r5gbt Columme, and the length 18 the height there» 
of: bur if chey make oblique angles, it is an Oblique {+ 
Janne, and thelengrh is nor the height, buc the berghe 18 
a p<rpendicular line let downe from rhe top of rhe Co- 
lumac voto the baſe , extended if needs bee : as in the 
,Diagrame, 


is 


hall be c 
fall from the top vnto the baſe ex- 


height taken accordingly. 


on {oeucr it is, as hathcuen now 


Scion thereof, w 


nefſct 


content, 


be the comment. 


in the whole ? 


. Y Sa ET as 
I. E ————_ mm 
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is cquall to one foot {: | 


Example, A Colunne,or pecceof tymber,whoſe ſides 
areall zhath the breadth feere 175, and the thick- 
cof is feet 1125 : which multiphcd togerher the 
produR will be wn 7he Duuide therefor 


Example, A Columne hath the baſe feet 
heightrhereof is feer 27434, how many tect are courained 


And after this manner alſo a Cylinder, and a P 
and a Cone is cſtcemed cither reght , or ebligne, and 


the 


Firſt therefore the baſe is to be found, of what faſhi- 
| beene ſhewed, cither in 
this Chapter, or inthe liſt before: and then cuuide x by 
that ſame baſe z the quarrene Bel bow, the 


he of a 
bs 


© 1, by 2275 ; 


and the quoti be 0957143 almoſt, And fo much is 
the helgin of alolid foot, of hab pooce of timber. 


14 Having the Baſe, and the height of a 
Columne, or Cylinder , # finds 
the whole | 


Multiply the baſe intothe height, and the produR ſhall 


21*75, andthe 


Multiply 
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Multiply the baſe 2,175, by 17,34 and the produt will 
be 361286875, ſo many lolid feet are contained in that Co» 
lumne. 

And inthis very manner may you finde the content of 
a Cylinder, hauing cither the diameter, or circumterence 
giuen, together with the height, 


15 To meaſure tapering timber, te 
baſe , or baſes thereof, togerher 
with the height being ginen, 


A Tapcring pecce of timber , according as the baſe 
thereof is right lined, or circular, is cirber a Pyramide or 
a Conc,or elle a ſegment of one of thelc two: It it be a com- 
pleat Pyramide,or Cone,it hath but one baſe,Multiply that 
baſe by z of the height, and the produd ſhail be the con» 


tent. 

But if it be the ſegment of a Pyramide, or Cone , Firſt 
finde out the baſes at both the ends, and multiply the one 
by the other, and out of the product thereof extract the 
NUnadrat root : then adde together boththe baſes,1nd that 
quadrat reot, and mulciply the Aggregate thereof by z of 
the height, the produd ſhall be che content. 

Example. | here is a tapering peece of timber,the height 
whercot 1s feet 13 , and the breadth of the balc at the 
greater end 1s fect 1175, andthe thicknes is feer 132,which 
multiplied together, the produt will be feet 2,3! or the 
greater baſe : the breadth of the baſe at the lcficr ends 
teer 12 , and therhickneſſc there, is feete 0,91, wich 
multiplied together,the product will be feet 1:<*1for the 
lefſcr baſe» Multiply the baſes rogethery the p:04uRt will 
be 2,53*5?, the quadrar root whereof is 1:538 almoſt, ro 
which if you adde the ſummesof both t he baſes, the ag- 
gregate will be 4,22 , which being multiplicd by 4 ot the 
height, ſcil. 4,2 , the produR will be fect 3<,953,the con+ 
tent of the pecce of timber. 

H 16 Whcre« 


mY 
=” 


5 © of | Sehd Meaſw es. Part Þ 


WE 16 vuigar manner which (aprmters vic 

ah a re +1 cimber,is not true:tor if a pecce 
ot rimber be tapering, chey meature ic in the very andle, 
and take the batc, or Section there, maltipiying it by the 
whole length. W hucb thc ir manner of working, Ifay, is 
erroneons. 

For firſt by praiſe a content will be giuen , cuer lefſe 
then the true content foundaccording to the former Set: 
which way of working is intalitbly truc, as is Analutscaty 
d. monſtrarted,in my Clams mathematics, Cha. 20,Set: 15. 

And ſceondly Ifay , that the produ@ of that middle 
baſe, or Section, multiplied by che lengrh , ſhall bee k Ne 
then che eruc conten?, by foure Pyramid-s, hautng for 
their baſes, a rectangle vnder the diff. rence of the 

thicknefle at the ends , and a quarter of the difference of 
the breadrhs: and are as long as halte the peece of timber: 
Or which 1s all one , by a Paraliclepipedon , vnder halfe 
the di-rences of the breadthes, and thickn« fles, ac both 


ends, and a third part of the whole length. 


Which that T may ſhew, ſappoſe one quarter of « ta. 
peece of timber ginen,fawed m tuner ,at halfe che 
end haife the thicknefle be AH CDGFEH: the 
midic Scion its /K LM. Menture vpon the great. r baſe 
BN, and CO, cquiltto AF, ad BY, and NZ, equall to 
FE: Daidc CF, and DO 1» the mi. ſt , in che pomes FX, 
aud Q, aad draw the uncs P,2, NO paraikil ro 5 C, 

and 


— 
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an. 7Z, »X paraicico BG. Mcaiure alto FE R,equall to 
G$,or KL. And io the Para'lelegram BPTX, thall be 
equal ro the middle Seftion TX LAM. Laitly, draw the 
lincs LO, LY, LZ,and KP, KN, and MX, MT. 

I ſay that inchus one quarter of the peece of timber, A 
ſolid hauing the baſes equallzo 1X LA, and the length 
AB (whichisthe viuail meaſuring of Carpenters) is leſſe 
then the cruc content,by the Pyramide DSFO L,in which 
DO, or SF, is balte the diff: rence of thicknes,and DS, or 
YO , one quarter of the difference of breadths in both 
ends : and the height of it cquall e> halfethe length. 

For the two lolides AFEAHIKLA, BNZIIKLAM, 
are apparantly «quail , againe the two ſolide 
GSTPKL, PTFNKL are <quall, and alſo the two ſolide 
wedges OCXYLAM, VXATZLM meequall. Now if you 
turne oner the wedge GSTPKLE, vnto the lefler part 
AFEHIKLAM, jt will ouer-reach i thicknefſe, at the 
ker cad th. qnantity of ER , and if you alſo tarne oucr 
the wedge OCXVLM, vnto the leſſer part, you (bail find 
it to fill vp the former ouer-reaching, and to make an cx- 
a Paraliclepipedon, the baſes or cnds whereof weauny 
to the middle Setion 7K LM . but oner and aboue 
two welges turned ouer, you ſhall hauc left the Pyra- 
mide DSFOL, which wasto be proued. 

And in like manner if a round tapering ſolide,or peece 
of timber, be mcatured by the middle SeRion, or circular 
baſe, T ſay, That the produt chereof multiplicd by the 
length, ſhall be lefſe then the true content, by a Cylinder, 
the diameter of whoſc baſe , is cquall to halte the diffe- 
rence of the diameters of thetwo. baſes; and the leogth is 
one third part of che whole length. 


H 2 Cuar. 


— 
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CRnaAP. IX. 


Concerning the Meaſuring, or Gauging 
E of Veſlells. "% l 


$224 Wine, or Beere vefſcll , whether Pipe, 

Fo ad, Barrell, Kilderk 11, or Firkin, 
fuch like, is in forme of a Spheroides, 
ing the rwoends equally cut off: and 
may be meaſtred thus. 

Mcaſure the rwo diameters of the VeſſclH, in 
inches.,.or elſc intenth parts of a foote ; the one ar 
the bung hole, the otherat the head, and alſo rhe 
length. within; ' And by the diamerers found, finde 
our the circles'; then adde rogether two third parts, 
of thegreater circle, and one third part of the leſſe: 
Faftly, multiply the aggregate by the length: ſo 
ſhall You haus the content of the Veſſel, either in 
Cubic inches, or cubic tenth-parts of atoor. 


Example. Suppoſe a veſſ: |, having the Diamcter atthe 
bung 3 3 inches, and at the head 18 inches, and the l:ngrh 
qonches.* The quadrat; of 32 is 1024. and the, quadrat 
of '1$1$ 324: Say then cuermore, 

I. ..0,4236;3 1024 « $36,'65, } thecircle arthe bung. 
2. 09618: : 324 . $48:3,, x circle at the head, | 

Or clic by Chap. 7, Sch. 4- | 

The aggregate of thoſe twocircles is 620,999, which 
being mulciplicd by 40, the length giucth 248 ;9,56cubic 
inches for the whole content of that veſlcll, 


F \ 
= 7d - 
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Wy" 2 Mr. Edw: Gemer in his ſecond booke of the Croſſe 
Staff, Chap. 4- pretending to ſhew the: marmer of gau- 
ging W ine veſſels, beginneth with theſe words. 


 « TheVeſſels which are hecre meaſured, are ſuppo(cd to bee Cylin- 
« ders,0r reduced into Cylinders by taking the meane, bet weene the Di- 
« meter at the head "and the Diameter atthe boungue, aſter the uſualt 


Carmen. 


And according tothis ſuppoſition, teacheth to finde a 
Gavzge posnt, for a gallon of wine, in that his imagined 
Cylndriacall veſſel. 


Becauſe his words are cautclous, and ſubterfugious, 
wee muſt alittle examine them; for it his way bee trae, 
my Rule: before ſet downe, though grounded vpun de- 
monſtraticn, cannot ſtand. 

Well then, that reduction of a wine Ve<flcll into a Cy- 
linder, iscirther true, or falſe ; if it bee true what neevde 
thoſe ambiguities of Yet which are bere meaſured * and 
are ſuppoſed to be, &#c. and aſter the v/aalt manner ? if falſe why 
is it not no:ed, but de'iuered as a Rale ro confirme an er- 
ror. And what meaneth, the meane betweene the Diame- 
ter at the bead, and the Diameter at the boungue ? is it the 
meane Geometrical, or Arthmeticall, th tis the meane pro- 
portionall, or that Which equally diff-reth from both ? (uch 
ſhifring is vaworthy an Artiſt. 

Firſt therefore, Let it be the meane in re/pel7 of difforence, 
whieh is equall to ha/fe the ſnmme of the rw» Diameters r 
I fay thatthe Veſſcll cannot trucly be reduced toa Cyhin- 
der by ſuch 4 meane Diameter, For (ecing it is moſt ap= 
parent that ſucha Veſle!l, is greater in the middle then at 
the ends, the boords, or ſides thereof, ſhall from the 
middle to the ends, goe cither ſtreight, and ſothe Veſlcl 
ſhall be as 1qwere,two equal! ſegments of Cones, ſer baſe 
to baſe : Or elſe arching, and fo the Veſſel ſhall (as be- 
fore I ſfayd, and is commonly taken for a truth) bee a 
Sphereides, hauing thetwo mnegully cut of, 

3 


It 
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If it be cenſidered as two ſegments of Cones: the 
meaſure by that weane Diameter ,or miile Scion is quite 
fallc,as hath beene demonſtrated un the tormer Chapter, 
Sc: 16, 17. and will be giuen lefle then the true con- 
rent, alchough the fives goc ſtraight: much more then, if 
the {ides goc arChing; for that conucxneflc, muſt veeds 
yeeld a greater capacity. And therefore in neither caa 
that mauner of Gauging be true. 


Againe, it the veane Diameter be vnderſtood to bethe 
Wane fs betweene the rwo Diameters, it 13 much 
more talle,for berwecne any rwo numbers, the meane Ge- 
omerrical is |cfle then the weane Arithmetical 


Thus much Ih auc thougbt good inthis place ingenu» 
ouſly to ſignifieto the inexpert Learner, that hee aughbe 
got begallobintetfe witha prejudged opinion. 


3- I have ſhewed tbe of weſſels by the enbie 
ducb : but our viuall reckoning is by the Galon,and parts 
thereof. Wee mult theretore doe the beſt we can, to in» 
quire The #rae quantitic of 4 Gallon jn inch mea/we, which 
will bee diificult co doc cxattly, both becaaſc the Stas- 

1 he faded, but a luttle arching, 
neither doe they agree one with anothcr : but 
what partly by experience, both mine owne, and others, 
which hath come to my fight ; and partly by reaſoning 
> pew HUE Ae 5 I will not refuſe to ſer 

wne. 


4 Our Engliſh Gallen is vnderſtood to bee either in 
eAle meaſare, or Wine meaſure : and theſe two meaſures 
not a little differing, And firſt we will inquize aboutour 
Ale meaſare. 

I my ſeife have meaſured Buſhels, and P:cks, which 
hae cxattly beene firred to the Standards, and haue fill 
in my account found .« Gallon to contajne better —_— 

a 
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exbic inchor , indeed mwch about 272, or 373 as pre» 
cilely as [ could meaſure in a veficil not truely regular. 
Alto my worthy friend Maffer Wiliam T pie, who hath 
vndeigone great panes and cbarge, in finding out the 
Irwe content of 0x7 Englyh meaſwre:, gave vato metwo le- 
e verall meaſures of an» Ale-gailon, and tholc in due confide- 
ration bat little d;ff-ringe The one was found out by « 
braflen vec ll made in manner of a Parailelepipedon, the 
baſe whefeof was cxaAtly fixe inches (quare,and the fides 
diuided ito inches and twentieth parts : incro which 
vel. Il he powring out a fanderd Galton of 2 neene Eliza- 
beth, filled with water, fuuat utherein to at uc ynto 7 in 
ches, and 6 tenth parts: which being compured hb 
cubic inches 273 . Theother was found by taki 
the dimenſions of that fanderd Galev, which was  - 
in forme ot 4 ſegment of 4 Cone, but that the (ides were 
a little arching z the diamentions were thus ; the Diame- 
ter of the top was inches 6:5_; the Diamcter of the 
bottome was inches 51*_: ani che height of it was in- 
ches 91®_ » which beg caſt vp by Chap : 8, Sc: r5, 
will be round to contae cubic inches 26855 ; diff.rivg 
from che former, ouly cubic inches 4 } : which difference 
might well arite thruugh the curuitic of the lides «Theſe 
meaſures he dis not only take bunſelte, bur to giue me a= 
tisfaRti ,ſhewed mc the expe. ience 1n the ſaid Yeſſel and 
Standerd: bat the trach is, I obicrued the Srandard, bee 
ſides the arching of the (ides, to bee not ex3Aly circular 
within, nor the brimme of an even height, nor the bot- 
tome piaine: and in taking the height of the water in 
the Y-[-4, our ſight was not able to cſtimate the aſcent 
thereot to preciſely, that 2 ſpoonefull of water, more or 
kflc,could bead any icnſibled. rence, 


What therefore ſha!l wee doe in this difficultie ? in 
drede looke to the firſt ground, and principle of 0ur Eng» 


iſh mcaluring, fi 0m Barley cornes, For the ler of 
3 Barley 
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3 Barley cornes takenout of the middle of the eare 18 an 
Inch, or Uncia, that is a tweifth part of a toot. 3 feete 
miake a Twrd + and 1 6 feet and an halfe, that is 5 yards and 
enhable,q Awe, I —_—_— z for 
| ches is a Farvong, furlongs an Fagls/h mt : 
park mane 40 ſquare perches is a Roodland, 4 roodland , 
make an ow mba nn = age pr pnt pl or 
yards 5 x is as it weret meaſure 
inlengch : and a ſquare Perch which 1s feete 272 5, is as 
it were the beginning of all land meaſure in the ſuperfi- 
.ciall conrent. 

Now: therefore ſceing in Veſſels a gafion is a it were the 
TE a New ——_— 
natine , and 4 ,t rter) it 18 not vnl: 
that our wiſe Anceſtors had hich a conſideration alſo in 
ſolide meaſures, that as a ſquare Perch (the beginning of 

iall land meaſure) did containe 273 1{quarc feete 
hy nr br go (the beginning of veſſell mea= 
ſure) containe 273 Cubic inches and a quarter. 
And the rather ſeeing that the ancient Geographers, diuide 
a foote into 4 Paimer, 2 palme > obo our inches, as 
3 fertearea yard, Sorharas the fide of a ſquare Perch 
confiſterh of yards 54 , a Gallon alſo ſhould confiſt, of a 
number of Cubic inches the ſquare fide whereof is 
pales 5; . 

Wherefore ſaving the cxaRt truth when ic ſhall ap= 
pearc, and inthe meane time the more probable reaſons 
of other mev, I make bold to tender this my conieQure, 
to the cenſures of more diligent Inquirers, T hat the | 
meaſure of an Engliſh Ale g1hon ſhould be a [quare Veſſel! of 
inch 167, or Palme: 5 | every Way, and 1 inch deepe : that 
is 27225 Cubic inches. 

5. And this my opinion may peracucnture recrine 
ſome confirmation by the inquiry of an Engiſo Vang 


| Maſter 
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M. Henry Brog gs that learned Geometrician, and my 
very louing friend, made an experiment, with a Cubigall 
veſſell, which was 42 inches cuery way , which hauing 
filled with water carcfully meaſured, tound it to containe 
7 gallons and an halte wanting « wowent , as hee himlclfe 
long (ince, being then of Greſham College, (ignificd to me. 
Now if it had contained exa&tly 7 gallons, and an halfe, a 
Wine galon (hould hauc beene 2304 cabic inches , but be- 
caule it wanted a little, the gallon muſt be (omewhat big- 
ger , for which moment therefore if you will put 6 hun- 

dred = "29766 the Wine g ſhall containe 231 


Againe M. Gwxter in the place before mentioned ſhew- 
eth, that the common opinion is that at London, a Cylin- 
driacall veſſel, whole diameter is 38 inches, and h 
66 inches, doth containe 324 gallons : wherefore by thi 
account 8 gallon ſhould bee 231 cubic inches almoſt ex- 
aMly , which in both ſo neerely agreeing, wee may well 
conclude, That a» Engliſh wine gallon doth containe 271 0%- 
bie inebets (429414815 4 171507 


It is ao commonly reccined , that the reaſon of the 
greatnefſe of an Ale gallon aboue the Wine gallon is, that be- 
cauſe of the rothing of the Ale or Beere , the quantity 

leſle, therefore ſach liquors that did not 
ſo yeeld froth, as Wine, Oyle, andthe like, ſhould in rea- 
ſon hane alefſer meature. If then we compare theſe two 
gullons rogether, we ſhall finde thac 


27225 » 331 22 169 , 14 


which abitement might to our Anceſtors, in apportio- 
ning thote meafures, tceme to be reaſonable. 
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6 To finde how many Cubic tenth parts 
of a foot are in a gallons, borb'of Beere, 
and Wine : wr alſo iv any number of 
Cubic inches. 

Becauſe there be ina Cubic foote , 1000 Cubic tenth 
parts, and 17328 Cubic inches, ſay, 

1738 (C: 12) . rooo(C: 10) ir 29205. 157 f9T 
cubic tenth parts of a Beere gallon. 


ARES” ines 


Atfo 1728 . 1000 3: goo * 14 374"L » 
meatured in 


cabic tenth parrs,are in the 
7 And "17 1/250 


may ary nn 1 . pay ke or 
Thich role to be 
$ The Content of a Veſſell, rt einen in 
cubic inches,or in cubic tenth parts of a 


foor,t# firde how many gallons'ir con- 
 tineth, 


the content in 
SET LE ufhech T- 
wre,. But 
foote diuide it oh 1575921 —for 640207 Hara Genie z an ud by 
133;5%02— for Wine ecIUE. 


Example, How many me win: gallon are in aveſſcll con- 


taining 24$ 3 9.56 cubic inches or 14} 374746 cubic tenth 
parts of a foote, Dinide 2483956 y __ , or divide 


14374145 by 13 3:55 , and the quotient ſhall be 107,53 
wine gallons. 
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CHAP, X, 
Concerning the Compariſon of ſundry Metals, 
in quantity and weight, 
1 region?) F fourcpicces of Mcralls, whereof the 
A <q third is of the fame kinde with the firſt, 
| 7: COS and the fourth of the ſame kind with the 
"$99 a3 {ccond, we proportionall, their grauities 
$20" a/{o, or weights, ſhall be proportionall. 


2. If there be foure of metal, whereof the 
third is of the ſame kind with the firſt, and the fourth of 
the ſame kmde with the ſecond : and the firſt and ſecond 
be of equall greatnefley and the third and fourth of equall 
weight ; the weights of the firſt and ſecond, ſhall be reci- 
procall ro the magnitues of the third and fourth. 

3. Two Spbzces of the ame matter are in weight, as 
the cubes of their Diametcrs,are in magnitude. Et contra, 

4. Pieces of Mctall if they bee of ec a_—_— 
have their weights in diret proportion, as is ſee 
dewne : but if they be of cquall weight, they have their 
magnitudes in proportion reciprocall : According to the 
experiments of « M arizws Gbheraldi, in his tractate called 


eArchomedes "s. 
pI 399® | Brafſe. 1895 


Arg. Viu. 2850 | Iron. .1680 
Leader 2415 | Tins, 1554 
Silver. 2030 


5. To finde the Weight of 4 Sphere of 
Tinw, having the Diameter 1 Inch, 
or «elſe 1 tenth part of 4 foot, 

Take a piece of Tinne, and turne ft exa&aly in a Lathe, 
into a Cylinder , haning boch the Diamnerers of its baſc, 
and alfo the lengthequal, ro the Diamerer of the Sphere 
ginen, Then weigh I that you may = 

2 £ 


th 


Of Metalls Parti 


£7 4ines: So that ax ence with him weig 


the weight thereof in graines: And laſtly,rake two third 
parts of the whole number of graines : for the weight of 
the . 

After this manner e 3/{ arimu Ghetalds found x Cylin- 
der of x inch, or 0s ws - 4dr RO eifong 
toweigh 18 : 5 is 1246, thewei 
ofa Sphere of char ehickmelle at 

Againe if you ſay, | 
1000 (C: 10). 1728 (C: 12) rr 116 , 2201248 

You ſhall haue the of a Sphere whoſe Diamc- 
ter isone tenth part of a foot. 

' Wherefore alſo 4 Cubed inch of Tinne Weigheth 
23224 —, and « Cubed tenth part of a foote weagherb 


gorzi — 
victh- the ancicnt Rg- 


And note tharCIax ; 
men foot , - which by the meaſure ſct downe in his booke 
lecmerhto be very little lc file, chen our-yſuail £xg6þ foor, 
itn rexactly rhe lame. 

Norte alſo that he dinideth ome pownd,into 1 2 exnces,and 
every eunce into24 Scrapler , and Scraple into 24 
$76 grammes: 
and a poand 6912: Whereas our Enghfs poand of 7 roy 
weight by Aſics , or Geld ſmiths weight , is but 5760 
grainch, and our ewzce 486, But whether the Ragazcar 
£7<ine, be the ſame with our Engis,, I licaucto be trycd 
by the diligent Praftizer. 

6* To finde the Weight of a Sphere of 
T ine, it any other Diameter affigned, 
theCube of the Diameter giuen by 1216, if 
meaſarez orby 2101/48, if the meaſure be 
the proda@t will be the 


_ 

Ce neeetcns ws 

y deci a foot: 
ths. 
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meaſure: or by 2101,248 if you would meaſure by deci- 
mall parts of a feot ,-and the quotient ſhall be the Cube 
of the Diameter. 
* 9. To findethe Weight of 4 Sphere of 
any Metall, at any Diameter giuen, 
eirher in Inch meaſure,or in decimall 
ris of a foot, | | 
Firſt by SeR.6;feeke the weight of a Sphzreof Tinne, 
a* that Diamerer : then by Sect. 4, ſay, 4s rhe proportional 
number of Tinue , i to the tional number of that other 
Metal : ſo is the weight ws Sphere of T inne now fennd, to 
the Weight of the Sphere propoſed; TO | 
_ Exan a Spt-2rc of Iron, whoſe Diameter 
18 3 inches ; what ſhall be the weight thereof ? " 
Firſt,the weight of a Sphere of Tinne,of 3 anches Dia- 
metcr,will be tobe 32832 graines. Then ſay, 
554 + 1680 :: 328323 . 35494054 graies 
the weight of the Sphare propoſed. 
$ To finde the a ep, of any Ade- 
tall in inch meaſnre , or decimail parts of a foot, 
the weighe thereof being giuen.. © 
Firſt by the contrary of Sc&.S6, ſecke the Cube of the 
Diameter of a Sphere of Tinne of that as: Then by 
SR. g, fay.reciprocally, As the proportioned number of that 
other Metall, is to the propirtionall nunubir of Tinne : ſo is the 
Cube of the Diameter now ſound , tothe (uber of the Diame- 
res of the Sphere propoſed. 
Example. A Sphere of [ron weigherh 3549404 grains: 
how many inches is the Diameter th:reof ? 
Firſt, the Cube of the Diameter of a Sphere of Tinne 
of 35494254 g1aincs weight, will be 29113910995 , then 
ſay, reciprocally, 


1680 +» I554 :: agaS91c697r , 29— 
The Cubic root whercof is 3, the Diameter of a 
Sphzre of Iron of that weight propoſed. 
I 3 CHAP. 
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CHAP, x1. 


Concerning the Ordering of Soldiers, i | 
org. duty. x. wk ae 


Attailes are confidered either in reſpeR 
ofthe numberof men, or inr of 
the forme of ground. As 4/quere barreue 
of men ig that which hath an « quall pum- 
b WO berot men,bothin Kavkand File,chough 
the grognd on which they Rand , bee looger on the Fule, 
then on the Raves. Anda of that 
which hath the Ranhe _— 
men in Kavhe be more then in File. 

3» Inreſpet of the number of men, iris called either 
F harp rr qr 4 waar-guags he dy Bic of the grand 
our, which is le, or 4 bat! propernin, 
ES ww Fit. y 


3- If it bee «ſquare batraile of wen; Extract the 
drat root out of the whole number of mcn, and the ſame 
ſhall b: the number of Souldiers, to be fer ina Ranke. 
Example. 576 Souldiers are to bee martialled ina 
ſquare batrale, chat ſo many may be in Ranke,as in File, 
Take the quadrat root of 576, which is 24: the 
ſhall be the number to be placed in a Ranke, _, 


4- If it be 4 dowble battaile of, ;, Extra ra ee qt 
Pin glladotonle Fury a agua Tre, Wl hem 
doubled ſhall bee che number of Souldicrs to bee ſet inn 
Ranke. | 

Example. 1458Souldicrs, areto be placed in adonble 


battaile ; ſo thar twiſe fo many may be in Rank as me 
ake 


4 


_—__. 


Ln. i A A” 
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Take balfethe given number 1458, which 1s 729, the 
quadrar root whereof is 27: doubic itand you (hall haue 
54 men tobe placed ina ranke. 


>L If it be 4 quadruple battaile, which is called of the 
greas. front : Extraft the quadrat root oat of one quarter 
of the number of men, and the ſame quadrupled ſhall be 
the number of Souldicrs to be ſet ina ranke. 


Example. 1024 Souldicrsare to bee martialled into a 
battaile of the grand from, fo that fower times ſo many be 
in revge a5 In 

Take one quarter of 1024 the rumber given, which is 
256, the quadrat root whereof is 16: quadruple it, and 
you ſhall hane 64 men to beplaced in a ranke, 


6. If a battaile bee required of any other forme, that 
is, if a Ratio be given, according to which the number 
of men in Ranke, ſhall bero the namber in file. Multiply 
the twortermes of the Ratio given : Then ſay As the pro- 
dutt i to the quadrat of the terme Which i for the ranke, or 
As the terme which © far the file, is to the terme Which & 
the ranks : ſo « the whole number of Sonldiers, to the 
of the of men to be placed in 4 ranke. 


Example, 1944 Souldiers, are to be martialled ſo, that 
thenumber of the ranke, be to the number of the file,as 
8 vnto 3, thatisfor 8 men in ranke, 3 areto be ſet in file. 


Firſt multiply the rwo termes of the Ratio Sand z, 
the produt whereof is 34, alſoquadrar 8, the terme of 
the ranke, which will be 64. T hen ſay, 


3- B :; 1944 » 5184 « 


out of which cxtra@ the quadrat root 73, and it will 
giue you the true number of the ranke. 


7. InreſpeRtof the forme of ground, the batraile is 
cither 


—— 


| | 
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ither 4 of gromud , or longer one way then the 
Arg > Corry 4 arte ww. cr Sean 


in array lod iſhed cirher into Open order,or Ordey. 

Openorder is w the very centers of their places, arc 

Order is when the centers of their , are diſtant 3 
fect and a halte in renky,and fo much Orclſe ; feet 
and « halfe in renke, and 7 feet in file: which laſt order, and 
whatſocuer order elſe there is, in which the diſtance of 
the rewhes one from another is greater, then the diſtance 
of files, cauſerh that « ſquare of wen, maketh not « /quare of 
ground , but the ground is longer on the file then oa the 


ravke, 


$ If it be «ſquare battaile of ground , the centers of the 
diſtances being fer 33 in revky, and 7 fect in file. Becauſe 
3; is halfe of 7, the ratio of the diſtances, isas I unto 2. 
And fecing the number in ranke , to the number in file, is 
reciproca/lto the diſtances , the ratio cf the number of 
men inranke, to the namber of men in file, (hall be as 2 
anto t.. And ſo the Rule (hall be che ſame with chat in 


Se. 6, namely, As the terme RES WRT e 
ranke ; fo ts the Whole number 1, ts the true number 
of the ranke, 


Example, 1352 Souldicrs, are to bee ſet in « /qware of 

cha eh diſnecs ay be feet 3 rake, and 

in file. 

The Ratio of the rewketo the file, ſhall reciprocally be, 
as 7to 3, that is as 2 to2. Say therefore 

5 - 3 3: 0359. . 2704» 

the quadrat roote whereof $31 the number of men to be 
ſeri a 1anke- | 


9 If abattaile wherein the diſtance in ranke is vnequall 
tothat in file , be longer one way then the other , accor- 
ding 


a6. 
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ding to any Ratio giuen : there is to be conſi ered a dou» 
ble ratio, one reciproca/l in reſpeR of the diſtances, the 
other according to the forme of the ground. W herefore 
to finde the Ratio of men inrack, tothe men 1a file, Mul- 
tiply the two terrmes of the ranke, for the ranke, and the 
ewo termes of the file, for the file. And then the Role 
ſhall bee che ſame with that in SeR. 6, namely , As 1&2 
terme of the file, us to the terme of the ranks : ſo is the number 
of Souldierr, to the quadrat of the true number of the ranke. 


Example. 125290 ſouldiers, are to be (ct in a battaile, 
ſo that they may ſtand onely z feet aſunder in ranke, and 
7 teet in file , «nd the length of che ground for the ranke, 
to the I-ngthof the ground tor the file, ſhall have the ra- 
tio of 5 vnto 2, 


Firſt in reſpeR of the diſtances, the Ratio of Rankto 
file, reciproc-lly is as 7 vnto3. Seconuly, in reſpect of 
the ground, the ratio of rank, to file, isas 5 to 2. W here» 
fore by multiplication of like rermes, the true ratio of 
rank to file ſhall be 7*5 to 3»2 , that is as 35 to 6. Say 
therefore 


6 + 35 3: 1T0290-:. Goon 


the quadrat root whereof is 245 , the number of men to 
be (er in ranks. yer 


19 It z000 Souldiers, may be lodged in a ſquare, of 
300 {cete , how many feete myſt che (14e of a ſyuare be, 
which will ſerueto lodge goo ? Say, 


100) , 5OOO :: 3-0*300 « 450000, 
the quadrat roote whereof 671 — is the {quare ſide 
{ought tor: | 


And this is the order for reſolution of all other q1: fti- 
ons of this fort. 
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A collection of the moſt neceſſarie 
Aftrunomicall operations, 


Efore wee Celiuer the Rules of (ach 
N it will nor be inconuenient, 
"2, to ſer downe certainc Rednflrons,wher- 

$ of we may hane frequent vie. 

» Toreduce ſexage/ſume parts into decimals. 
Diuide the ic xageſimes giuen by 60, 

Example, How many decimals are 34 , 13"? 

Here are required eworeduQtions, firſt of the (cconds 


into decimals of minutes : then of the minutes with thcir 
decimals, into decimals of degrees, Thus 


Ss. . .-£..:2:..23 


O43 


Go +» 3:1 $68. » off 
Whcrefore 34,” 12” zfecquallto 037 of a degree. 


And contririwile ts ryoduce decimal parts of 
ſexageſimes. Multiply the decimall part giuen by 


Example, How many ſerngeſim pars are 097"? : 
1 . 66 43 a?” +. 345, 


Againe 
I »« 60' 233 Of +» 13 


To reduce howres into degrees. ion the Yeyoad auld 
their decimall parts by 15 . 


uw 


Example 
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| Example. How many degrees are 8, 24 12";thatis 
by the foraxcr reduction 8.57 2 thus 


T . 15 123 $1597 , na8sr 


Wherefore Houres 8, 34; 12” dve containe 12859 
degrees. 

And contrariwiſe ts reduce degrees into howrer, Digide 
the degrees with their decimall parts by 1 5. 


Example. How many houres are in degrees 12855? 
5 « IT :: ra8fs . 857 


2 It is to be vnderſtood, that if foure numbers are 
peperngy their Order may be ſo tranſpoſed, that each 
of termes, may bee the liſt m proportion. In this 
manner 


I. - As thefirſtis ro the ſecond, fois thethird 
to the fourth, 

H. , As the third is to the fourth, ſoisthefirſt to 

__ theſecond, 

IHI. As the ſecond isto the firſt ; ſo is the fourth 
ro thethird, 

IIIT. Asthe fourth is to the third; ſois the {ſecond 
to the\firſt, 


W herfore euery proportion doth implicitly contzine 
foure Orders, two deſcending, and two aicending, as may 
be ſcene by their combinations : By one of whici: orders, 
if of foure proportionall nambers,any chree be giueu,thar 
other whuch is ynknowne, any be found out. 


K 3 Example, 


 Aftronomicall operations. Parr 1. 


Example, To finde out any of theſe, 
1 Asthe Sine of the complement of the /a»s 
3 ny 


cow, 
2 istothe Since of the compl. of his a/rituds ; 
| 3 Sois the Sine of the Swnnes Aznmich from 
} progrmakgr x Ie diſtance from th 
4 to the Sine of ary dsſtance from the 
mer ban. 


If the firſt, ſecond,and third termes be giuen, the fourth 
ſhall be found out by che 7 order, 


If the fi-Þ, chird, an i fourth termes be giyen, the ſe- 
cond ſhall be found out by the 17 order. 


If rhe firſt, ſecond, and fourth termes bee giuen, the 
third ſhall be found out by the 117 oraer, 


If the ſecond, third, and fourthtermes be ginen, the 
firſt ſhall be found out by the 7717 order, 


3- To finde out any one of theſe. 


: Asrhe Radins, or rotall Sine 
$: is rothe Sinc of the dsf-vco, or longitude of 
the Swane in the Ecliptic, from the next. 
A&quinocal point ; 4 
7 So is the Sine of the Swnnes greateſt dech- 


rermes 


wer which is the anglc ot the Eclipric 

witht inoRial), 

."4 To the Sine of the Swnwes declination in 
that longitude, 


+ Ts 
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4. To finde cut any one of theſe, 


1 As the Radins, 
© 1? is tothe Sinc of the om right aſcen/ion, 
from the next zquino&iall poine x 
: 3 So isthe rangent ot the Swwmes greateſt de. 


clination, 
| S, to the tangent of the Snares declination in 
that place. 


$+ To finde out any one of theſe. 


1 Asthe Radizs 
2 1s to the Sine of the compl. of the Swwes 
: greateſt declination : 
3 Soi A. the tangcnt of the vr hte 
3 Swnne from the next zquinoQiall po 
4 to = rangent of the Right aſcevfion of the 
wave, from the ſame zquinoial point. 


6. To finde out any one of theſc. 


1 Asthe Radins 
y is rothe Sine of the compl. of the longitude 
- of the Sunne from the next xquinoRtiall 
: 3 Sethe tangent of the Swnwes greateſt de- 
clanation, 
4 to the tangent of the compl. of the angle of 
the Echiptie With the Meridian, 


K- 3 7. To 
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7. To finde out any one of theſe. 


I As the Radins, 
4, is to the Sine of the Summer greateſt dechs- 
MALE © $33.0 
3 Sos the Sine of the compl. of the Sunnes 
right 4/cenfen from the next zquinoctal 


point, 

to the Sine of the . of the Angle of 
" the Ecliptic with NG Lee , 

$8. To finde out any one of theſe, 
1 As the Sine of the compl. of the Poles 


be, 
2. is to the Radins 
3 $o is the Sine of the Swans; drelinarios, 
4 tothe Sinc of the Sanne: Amplitude ortine, 
Rn prom the 
Sunnes rifing or ing to 
the truc Eaſt, or Weſt point. ys 


9. To find out any one of thele. 


3 isto the Sine of the Swanes amph. 
anc nine, which ia tie Troplck:* 

3 So is the Sine of the lougirnde of the Sunne 
from che next pointe, 

4 to the Sinc ot the Swwnes amplotnde oricuc, 


Ca] 
on 
g 
_ 
v 
of 


j 


eo 
: 
S 


1 As the thaw of So/cenngs of the Potes 
height, 
2 1s to the Sine of the compl. of the Swene 
dec lan atson : . 


3 Sois the Sine of the Sumner longitude from 
the next zquinoQtial point, 
4 to the Sinc of the Snmnnes amplitude ortine. 


10, To finde out any one of theſe. 


1 As the Radins, 

» isto the tangent of the hesg he of the Pole, 
$0 is the tangent of the Swanes declonation, 
to the Sine of the Sennes A cenſional dif- 


11: To finde outany one of theſe. 


1 As the Radar 
+ is to the Sine of the height of the Pole : 
3 ge the Sanne; amwpiitnde 


- FRA ny to fo eangent of the Swnnes aſcenfionall 


difference, 


Or allo of theſe. 


fapnqperigan: Parrl. 


12. To finde out anyone of theſe. 
'C1 As the Sine of the compl. of the Suxxe: 
4 dechunation, 


g 0 is to the Radens : 
: 3 Sois the Sine of the compl. of the Sumwes 
YER 


4tot c Sine of the compl. of the Swe 
aſcenſimall difference. 


I3. To finde out any one of theſe. 


3 wary = ates 

2 isto the Radins 

: 3 Soisthe tangent rafchs Sa donates, 
34 wake tan cths How Ton <5ftance from 
| the Meridian, being due Eaft or Weſt. 


14+ To finde out any one of theſe. 


1 Asthe Sine of the height of che pole 
2 is to the Radns : 
: 3 So1sthe Sincof the Swwnes dec/mnation, 
14 to the Sine of the Swanes altionde bring due 
Eaſt, or Weſt. 
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1, As the Radiw, 
: 2 istothe Sine of the bejght of the Pole : 


3 So isthe Sine of the Sawnes decha ation , 
4 to the Sine of the Sumner atticnde abone 
the Horizon at foxe of the {ocke.. 


16. To find out any one of theſe. 


_— 


THT the Sine of the complement of the 
= Poles height. __ 
& C3 Soisthe tangent of the Swanes dechinari* », 
4 ro the tangent of the Suwwnes Azamwith fr om 
the North meridian, at 6 of the Clocks. 


17 The bover of the Sunnes Riſing, and ſetting is found 
out by the eAſcenfionall difference, For if you reduce 
the degrees of the Aſccalionall diff-rence, into howers,it 
will Thew you how much the Sunne riſcth, or ſettech be- 
fore, or after 6 a Clock. 

18. The Oblique aſceufion alſo of the Sunne is found 
out by the Aſcenſionell diff rence. For if you ſubduRt the 
Sunnes Aſccaſion-lldiff-rencey out of the right aſcenſion 
of th: Sunne, from the beginning of Ares, for the ſixe 
Northerae ſfignes which are Y, 2»It- S. ,, orif you 
adde ir cherero, for the fix> Southerne Signes, which are 
=, m. 7. W, 3, X». you ſhall have the Sunnes oblique aſ- 
cenſious : 


19. ShuBogts of the Swnne, and his Al- 
tirnde aboue the Horiz>n at any time, together 
with rhe beig he of the Pole "3 -Ho mg to find 
the bowey of the day. Say, | 


= L As 


« = 
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mu he complement of the $ 
is tot [4 NEneT 
Y dec hnation. 


$o is the Sine of the compl. of the Poles beig br, 
70 4 fourth number. \Keepe it, 


Then oat of the Sunnes diftance from the North pole, 
ſubduR the complement of the Pole; and of that re- 
maines, and the complement of the Sunnes altiruce, take 


both the Samwe,and allo the difference. And tay againe, 


> 
| ſais theSine of balfe rhe , 
4a number . a 


wnre | multiplied 
EDITS: 
Sannes horary diff ance from the Meridian. 


20, The dechination of the Smone, and his ales 
made abouc the Horizon at any time togethcr 


with the the Pole iven, to find 
—_ SE 
As the Radive 


.isto theSineof the of the Suns atriends, 


is to «4 fowerb, 
Wit abode hey rat 

e Ic. 
mainces, and the diſtance of the Sunne from the North 
Pole , take both the Swwne, and alſo the difference : and 
lay againe, as 


, 


—_——L— 


Part [; 


As the jew» th before kepe, 
isto the Sine of haife the ſumme : 

So is the Sine of bal # the difference, 

vnto 4 awwber which being mulciplicd 

by the Radius, is equall to the quadrat of 
the Sine of halferbe anzle of rhe Swnnes 
boriz.1m1 all diſtance from the Meridian, 


2t» To find the length of the Crepuſcn- 
lam, or Twilight. 2 


Bertweene the light of the day, and thedarkenefſe of 
thenight, the Twilight is fet by the wiſe Creator z that 
wee here vpor the carth mighe not in anmſtanty paſſe 
from one extreame into another, bur by ſucceſſive de- 

. | The Twi 0 IS x of 
the Swnnes beames, im the denſitis of the airs, And Pet. 
Nonnins to find the length of the Twilight, watched the 
rime after Sunne ſet, when the twilight in the Weſt was 
ſhut in, ſo that no more light appearcd there, then in any 
other part of the sky necre the Horizon : then by one 
of the knowen fix:=d Stars, having takenthe true hower 
of thenight, found by many ions, that at the 
rime of ing 'in the Twilight, the Sonne wes vnder 
the Horizon 18 degrees, and vmeill the Sunne was gone 
ſolow,the Twilighe continued. Say theretoce- 


Asthe Radine i 

is to the Sine of the compl. of the Sannes 
on, 

So the Sine of the compl. of the beigth 
of the Pole, X 

i 10 4 forth, Keepeit. 


Then out of the Sunnes diſtance from the South Pole, 
\ubdu@ the complement of the Pole ; and of that re- 
L 3 maine 
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O—_ _ Om aaio the 


As —_— OT 
is to the Sine the ſumme : 
ſo is the Sine of For the difference, 
to 4 number which being mulriplicd 
by che Race oi the adrat 
the Sine of the angle of the 
Smnne:s diff exce at the ending of the T wi- 


_ ._ fight, fromthe bigh Noone nexr io it. 


Wherefore if. our of the whole angle converted 
iy RCs os on arch, orthe 
ae po ———_— you have the true. 


a2+ T find the h of the te | 
barry. n-he ng 


- 


. 
.  «%, *\ 


LC, 
KOI 


The Sunne being in the winter Tropic makceth the 

| — _— of + te Abo prayer 

from Fhances as the dayes increafe, the Crepw/cnladoe 
vntill they come to bee ſhorteſt, which is in a 

c<rtaineParalle!, berweeve that Tropic, and the Z£qui- 

nodal : the declination whercof is thus foutd our. 


: 


As thet of the complement of the Pele, 


me thereof : 


nt 
isthe 1angent of 9 ,, 

to the Sine ihe Wed nacies of the Pardlel, 

| in Which the Sunne maketh the ſoerteſt (re 
pnſculum of the Whole yeare, 


23 Bat 


tt 


Parrtl. Aſtr 1omicall operations. 


23 But before the Crepsſcu/um come to bee ſborteſt, 
there is another Paralle!, in which the Crepuſculum is 
equall ro that in the Xquinotiall : the declination wher- 
ot is thus found our. 


As the Radine 

1$t0:the Sine of the altitude of the Pole : 

$048 the Sine of 1.8 de Ls 

tothe Sine of declination of the Parallel 
in Which the Sunne maketh the T wilsgbt 
1quall to that in the  quiveltiall. 


24+ If an Arch of the Ecliptic, be equall 
ro bis Right aſcenſion, one end thereof 
beeing knowne, to find out the 
other end, Say, 


, *__. + Asthe Sine of the Compl. of the derkination 


' ſaiatheSine of the compl, of the gre 
; - ; declination, . | : p 
to the Sinc of the compl. of the other and, 


o To find-they of one quadrant the 
3. Eckipue, Ss *fe % 

tudes ceaſe to be greater, t 

of the right aſcenſion. 


Maltiply the Sine of the complement of the 

ination, by the Radius, and out of the pr Ex= 
tra the quadrat roet : the ſame ſhall bee the Sine of the 
complement of the declination ſought for. 


L 3 26, To 


 "Mftronomicall operations. Partl1, 


| To find the quentitie of, the angler , 
| Mh.Te pts ne 2 es 
wake with the Meridian, Say 


20 he Teng: of botegFortherrx, gh, 51 
rot : rhce'rn ng, Fu 
and third bowers, or tothe Tang. ot 30 deg- 
for the 1 2, 8%, 6*,, and ſecond howſes ; 
tockbatng af hoon of wich the 
g's my Shi 


And note that on the Eaſterne part of the ypper hemi- 
ſphere, there are three circles of Hewſes, che Horoſcope, 
which is alſo the Rorizon, and nexc to that is the circle 
of the 12* Howſe , then the circle of the 11% Howſe. 
Oa the Weſterne part alſo, are three circles of Howſes, 
the civele of the 5h. Howſe, which alſo is the Horizon, 
and nextthereto the circle of rhe 8% How/e, then the cir- 
cle of the g® Hewſe. But the cvele of rhe 109 Howſe, « 
the CMuoridian it (elite. Commery Howfee are 1 and 
7,13,and$8:3andg: 4 and 10 #F"'RN 11: Gand 12. 


27. Reſolue the whole tinge from the Noone laſt 


pak OI IIIEN howers with their 
cccimathparts by T3, 11) Which adde 
vnto Mrs Aſcenſion” of the Sytme : and you ſhall 
——— Somers OUEIWEE vg. 0 in 
the vpper Mcridian, which is called the Rignt aſcenſion 

CHMedinm cali. | | ; 4 bs A gd 


28. Addc gg degrees to the Right aſcenſion of Med. 
Cehir and it hall be the degree of the e/£quater then riſing 
won the Eaft Horizon, 


29. If 


Pan. | Aſtronomical call operations. 


29. If the fr ff quadnene of the x Equater dev rife, the 
beginning of yy is diſtant from the meridian Eaſtward, 
ſo muchas is tbe diſtagce of the Kight 4/acnfien of Afed. 
cels, trom 360. But if the ſecond quaarat of the E or 
doe ariſe, the beginning of yy, is diſtant from the Mcridian 
We ſtwardg9 mughas 13the diſtance of q,from the Right 
aſcenfien of Med.cali. | 


And in both of them the lower angles of the Eclip- 
tick with the Meridian , on the Eaſt fide is obtule , and 
on the Weſt fide acute : and the go* degree of the 
Ecliptick, commonly called #on.gefimms gradwr, is on the 
Eaſt part. 


30 If the third quadrant of the Equator doe ariſe, the 
beginning of «x is diſtant from the Meridian Eaſtward, 


ſo muchas is the diſtance of the Right a/cenfion of ed, 
cali trom 180. But it the fowrth quadrant of the «Equator 
doe ariſe, the beginning of &, is diſtant from the Meridi- 
an Weſtward, ſo machas is the diſtance of x80, from the 
Right aſcenſion of Med. cab. 


And in both of them the lower angle of the Ecliptick 
with the Mcridian, on the Eaſt ſide is acute, and on the 
Weſt ſide obtuſe 3: and on the, g0® degree is on the 
Weſt part. | 


31. The point of the Ecliptich, culminant in the CMe- 
ridian , which is calied CAledian ca 4s, or Cor cali, and is 
the c#/pi ofthe 1 ©* beaſe, may be found by Sc. 5. | 


33. The dec/inaties of the (aid cuhwinane point, may be 


found by SeR. 3. VV herefore alſo by addi 
deelinmioo,toer from ths cloutoa ofche 


Aquator, . 


ducing that 


A_— tt. 


he 
$0 
—_—— 


Part 7 


velada ny 3.0 


Equator, ek is the complement of the 1 Pole) the 
aire | . 


33+. | The 
be found by Si 


"g4- To Ginde the Adds 3f he go 
yr. Or the Argloofebe Boljrickowk 


i to che fins of the compl of the altirnde of ' 
Hed: coli. 


So is the Sine of the angle of the Ecliprick with 
the Meridian, 
ro the Sine of the coinpl. of thr avg ſought for 
35- To finde the eAewwith of 95 


, : which is Ho the Amprirace 
ike Need, or Horoſcopes, ye 
As the Radins, 
is to the Sine of the Abiande of Med. cali. 
TT HT anne 
rot of the compl- of the bftenceof that 
from the Meridian, 


36. To finde the Horoſcopus , or Aſ- 
cendent degree of the Eehipreck,, 
Cons of She GP Bra opt 


The Diſtance"of the Azumith'of 95 


Aſcendent 


from 


the Meridian , is equall to the Acplitade ortive of the 
degree. Wherefore the ma” 


_— — ——————O_ 
—_ —- 


Panrh. Aftrononicall operations. 
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—_ 


ot the Ecliptic, may thence bee found, by Se: 8, or 9. 
Or elſe thus. | 


As the Radine 
i4 to the Sine of the complement of the angls 
of the Ecls ic with the Meridian : 
F $o is the tang+ of the complement of the 
altitude of Cabs, 
to the tangent of the diſffence of Med. cali 
from the Aſcendent degree. 


6nd the of the angle of the Eclip- 

«th ws k . reno pn 

cular 0 the Circle of any of the 
Howſas. Say 

to the Sine of the compl-Of the «/tiende 
of Med, cas : 

ſo isthe tangent of the circle of any Hoſe 


hetang's of the compl of the pre of 
"I . 
we nt 4 which u next Ala thaw 
Then ſobdu& that part found ont of the whole Angle 
for the lane gayt 
38. To find the Difavee of the enſpia of 
any bowſe, from  AMed: cali, Say 

As the Sine of the compl. of rhe later: pay? of 

' the angle or dry years, 
lr - = 6t'rfiecomplt of the former. 

; ogh't oy $7 34.21 TS 
GET the altitude of Med: cali, 
tothetang: of the diſtance of the cuſpis of 
the t Howſe ſought for. 

M 


37- To. 
tie W 


% 


29- To 


Aftrononiicall operations. Parr 1. 


39. To find the eMltirnde of the Pole abour 
any of the circles of the Howſes, 


Firſt find ont the Angle which the circle of the 


Howlſc propoſed maketh with the- Meridian, by Sc : 
23:  dchenin 

= 7 With the OMeridsan ; y 

| tors Mie Magi Pt 


bene the Horizon 
NE enk ef ee ef the Pal hw 


b = Et Et 


Te anjle which rhe Cho of rhe Sinue 
meketh with the Mcridian, at the Pole of the 


Tethe tne of guns 


| Ante emi th the Cledpef Spam Rig 


CN 
Typ EDD 


od que 


\ cn" 
in 


is 


—_— <4 


te: — 
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In Sterres of the Naortherne latitude 


If the longitude be in the I quadrant of the Ecliptic : 
fubduRit.ur of go; the aaa ron will bee the ang/r of 
acute. And the Angle of Right aſcenſion, be- 
ing found,muſt be added vnto 270. 

Tf the longitude bee in the 1I quadrant: ſabdut go 
outof it: the remaines will bee the aogle of __ 
acute. And the Angle of right aſccaſion being ti 
EE CID Hiiquilrme's Gbdut 

It & i in t I 2 90 
out of it, the remaines will be che <vgie of longitnde, ob- 
tuſe. And the Angle of right aſcenſion being found, 
muſt be taken -ut of 270. 

IF th: longitade bee inthe IITT quadranr, (ubdudt ic 
out of 904360 : the remaines will bee the angle of longs- 
tde, obtuſe. And the Angle of right aſccalion being 


found,mauſt be added vuro 370. 
In Starres of the Southerne latitude 
If the longitude be inthe 1 ſabdu& 2-70 our 


of it + 360 : the remaines will be the avg/e j 
obtuſe. And the prune pin Sopot: able ry 
muſt be taken out of go. 

If the longitude bee in the 11 Pad er, ſubdutt ir 
out of 270 = Arr) 115 37 ok ach þ 
obruſe. the Angle of ri aſcenſion being 


M3 If 


% , " P " "i 
» bo > Dead. 4c q 
F hn » - AF x, 
. | | 
. 
 m——— 


OTE OW ND  etnebpagpatnens 
4 it — __ or Part L. 


| It che longitude ic be Tak Hd : ſubduRtit ou out 


of 2 w_ jo gone remaines ward hr , ACULE. 


ag tondd, wult bee 
CIS 


As the Readies, iciit'Sine, 
— - 1) 5 aienh or exceſſe of 
$215 m—_— the of the latitude, 


to the tang. of the frſf 


If rhe angle of we be bw, yo the fl 
baſe found, eadde you. rome yrer tray * 2. and 
rhe ſymae ſhall berhc ſecond be che angle of right 


aſcenſion ſhall be acute. 


Bar if the RR Od Fahg again 
the grout i, a0 ths rogues 
of right dnbon 


So is the tang. of the angle 


of lngitna, 
tothe tang. oem rg guo hen 


Part [. 


—_—— —_— 


VV hence by adding or ſubduting as was before de 
liuered in the Conduions of thoſe angles, ſhall be ginen 
the Right aſcenſion of that Starre ſought for. 


Laſtly fay 


As the tang. of the ſecond baſs, 

"© =_ 

So is t or of the 
anglc of right aſcenſion 

to the tang. of Declanazion, 


V Yhere' note that if the ſecond baſe exceede ; 
che declination found, ſhall not be of the ſame kinde, 
the laticudeis, but in the contrary Hemiſphere. 


be FT 38 ws. "I. OTTER ———_— _ | | __- . 
nd o P : 'F 7 7 = 4 - « Y 
. . T7 
$86 oper #140Ns. ART \. 
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Declinartions, of 40 of the cheifeſt fixed 
Starres, Calculated for the yeare of 
our Lord. 1650. 


A Table of the Right Aſcenſions, and 


13 32133 +4 
23 38 q 


x 
F 


31 


Are 


Names of Starres Us, Aid pg: 
aloe * -* 0 1x89? 3657 53/N 
Vindemiatrix 191 "= 51iN 
Spica Virgiais 196 9 17,5 
ArQurus 309 56 21: 34/N 
the Scutherne batlance 17 $5[14 34S 
the N >rtherne ballance (224 31-8 3jS 
the bright ſtar in the ſerpetits neck}23r '' 49} 7 35] N 
the heart of 242 afas5 34iS 
the head of Hereules - [254 40114 51i/}N 
the head of Ophiucus 259 ' 4t)13 * N 
bright tarre in the Harp [276 1738 30,N 
ſtarre in the Vulcur 293 27, 8 1|N 
299 393 345 
10/10 4s. 
pb 
| i. N 


>. Ss 
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N 41. 1. The longiende, and latitude of any 
_ nyo Starres being giuen , to: finde their 
1! iftaxcer. 


If the Starres haue both the ſame longitude, differing 
arp do domnngg the difference of latina, i the diſtance 


pats 4 difcronely in lengirude hauing the ſame | 
latiende ; Say ; 
Pe bins 2 bath the difference 
to 
-r} ond pe et pres. axed 
to the Sine of half the of the Srarren | 
But if they differ both in , and latitude, whe- 


ther the lair es be both of th fume kinde, or one Nor- 
thertie, and the other Southerne. Take the difference of 
bottithe ſtares, from the pole of the Eclipeick, roward 
which the ftarre haulng the greater latitude is And lay, 

| | Asthe targ. of the compl. of the loſer diffence 

was 

is to the Redinr 

Ons ms 


, T0 


Lone . - Ws 2. —_ 
—_ —_ SOL es oe _ 


' Take chis ſo bus ag AREA diſtance from the 
pole, and che remaines (hal be the ſecond baſe, Then lay, 


As the Sine of the compl. of the fir/# baſe, 

[| i8to the Sine of the compl. of the ſecond baſe : 

| | 4 1» Soisthe Sine of the compl. of the leſſer diſtance 
[ | 


from the pole, 
to the Sine of the compl. of the diffaxce of the 
evo Starres, 


—— 


Pal. Aſtranomucall operations. Mm 


89 


__—_ will take paines co calcu'ate (by this laſt 
Rule) the diſtancevof ſome noted ſtarrs of the firſt, (c- 
cond, and third magnitudes, round about the heauens, 
which are not aboue 5, or 6 degrees, at the moſt , one 
from the other : and ſhall kcepe them written in his 
booke : they may ſcrue as a Rule, or Inſtrument, whereby 
he may reaſonably eſtimate with his eye, the diſtance of 
any Planet, or Comet, or other apparition from a know- 
en fixed ſtarre, not very farre remote : by comparing the 
diſtance which hee would know with ſome of thoſe 
knowen diſtances which he ſhall find, either to be equall, 
or elſc to hane ſome proportion thereto. 


42+ The longitude, and latitude of any two 
(ities being giuen, to find their d5/tance, 


The manner of the operation is the very ſame with 
the former, ynto which therefore I referre the Reader : 
onely will note, that in the heaucns,the longitude and la- 
titude is taken in reſpe& of the Ecliptic, which being the 
way of the Sunae, all the ſtarrs in their proper motion, 
baue reference vnto it, as vnto their meaſure and rule, 
Bur inthe Earth the principall Circle isthe Equinotiall, 
diuiding it into the Northerne , and Southerne hemi- 
ſphzres. And therefore 1n the carth, the longitude, and 

atitude js reckoned by the ZquinoRiall. 

The diſtance of two places vpon the Earth , being 
found in degrees, may bee converted into Engliſh miles, 
by taking 60 miles for cuery degree, and one mile for c> 
very minute. 


43+ To find at What hoWey 4 fixed ſtarre 
commeth into the Meridian any day. 


Secke the Right aſcenſion of the Sunne, for that day, 
Wy 4 and fubduR it _ of the Right —_ 
FF O 


a "> ms CO "= 


* Airenenicul operations. ParT1l, 


of the Starre. And reduRt ating remaining into 
howers, by SeQt: x. The ſame ms Sen 
ONE before, the ſame ſtarre ſhall come into 


Meridian. 

W berefore if at any time of the nigh, a Starr whole 
i ernger = + i Meridian,the howecr 
of chenight is cafily found. 


44- The an) hnowne Starre 
a4 The ing of b —_—_ 
given; to find the bowey 7 aay. bs ow 


Firſt ſeeke out the hower of that ſtarrs comming 
into the Meridian the fame day , by Sc. 43z- Againe 
ſceke out the horary diſtance of that ſtarr from the 

Meridian, according to Set: 19, And then if the ſtarr 
bee onthe Eaſt fide, not yet come to the Mcridizn, take 
the difference of thoſe two numbers; but if the ſtarre 
beepaſtthe Meridian, take the Sumae of them, for the 
houre of the night. 


The height of the Pole be 
ini the we. + 9 4x Layers 
wa. 


prep of the fares declination : 
So is the tang : of the mph he Pols, 
to the Sine of the compl. of the Starres 


borer y ft ance from the Meridaan, 
Ke Hh of oy fk Fer 
[ts th on hg Pry 70 


As 


wo - 


d ,” 
ous. + . ; 54 : 


ParTl. Aſtronomicall operations. 


As the Sine of the bvight of the Pole, 

is to the Radiae ; 

ſo isthe Sine of the Starrs declination, 

to the Sine of the Altitwde,ar due Eaſt or Weſt. 


Firſt ſay, 


As the Sine of the difference of the flarr: altitudes, 

is to the Sine of rhe <&fſwonr'of their Right aftenſcons : 

ſo is the line of the neerer farri tiſfurce from the 
apparent Pole, © 

tothe Sine of an aog/e to be kept. 


Againe compare the furtheſt ftarrs diftance from the 
Pole with the diſtance from the Zenith, and lay 


As the Radins 

is to the Sine of the compl. of the wFngic kepe : 
ſo isthe tang: of che lafſer of the compared archer, 
tothe tang : of the fſrf bao. | 


Subdu the ff bas out of the greater of the two 
penny and the remaiies hall bee the ſtrom 
Then laſtly ſay, 
As the Sine of the complement of the firſt boſe, 
isto the Sine of the compl. of the ſacondbaſe : 
fo is the Sine of the compl. of the fer of 


wedge => | 
to the Sine of the beoghr of rhe Pole . 
N 3 


gays EE Gat PYRO - Ee AASA”. 


Aftronomicall operations. Parrtl 


48. To find out the horizontal Parabar 
ofthe Moone. 


Firſt the diſtance of the Moone from the Center of 
the earth muſt be knowne in Semidiamerers of the carth: 
which vnto them that are inted with the Theorie 


of the Plancts, is not very And whereof » 
the ER 


venture, I may hereafter teach 
and cxa inſtruments, which] haue long 


Say, 


As the diffance of the Aoone, from the 
center of thaearth, 

is to the Semidiamerer of the earth: 

So is the Radins, 

to the Sine of the IHoones horizontal 

pealax in that diftance. 


49- The borizontall Pardbax of the Aorone 
wax oats 4, 
pewt . 


As the Radiav, 

is to the Sine of the dlritads of the Fſoone : 
ſo is the Since of the berizentall Parabax, 
to the Sine of the Pardaiey in that altitude. 


$0. The place of the Moone in the 
little or no latirude(as in the Eclips 
of the Sunne) together with ber Prater 
f _ giuen, to find the Parab 
of ber and letirwde. 


If the Moone bee in the 90% degree of the Ecliptic 
hee hath no Parallai of and the Parallax of 
lacicude, is the very Parallax in that altitude, "Re 


Aſtronomicall operations. 


ParTlI. 


But if the Moone be not inthe go® deg. fay, 


oe em 
is tot of the angle of the with 
0 the rang, of the angle of the Eelprick, 


So is the Sine of the compl. of the dfxce of the 
on" the eAſcendent , ujrwenrrad 


groe of the Exliptick, 
to the tang. of the compl. of the angle of the 
| Echiptich with the Azwmith of the Moone, 
Agiine ſay, 
As the Redine 
13 to the Sine of that angle : 
So is the Parallax of the Moone: altitndr, 
tothe Parallax of bey latitude, 
; Laſtly ſay, 
a 
is to the Sine of the » of that : 
So is the Parallax go vg oaks —_ _ 
to the Parelax of ber longitude. 


which is to bee added tothe true motion of the Moone, i 
ſhe beonthe Eaſtpartofthe goddegreeof the Bcliptick, 
or to be out of it, if ſhe be 0n the Welt part. 


Many other oAfrrenemical xnd problema 
might be added. '<irwonarefarofhns = Txoaf/ 6h 
all, which may be of vſc , at ſome time or other : I have 
CEESIIRSESE 

ho : ſcuerall be» 


Of Trigonometria. ParTI* 


CH 4?, XII. 
of Trigonometria, the manner of calcu- 
fon bee Plaine, and Sphericall tri- 
Eifeovrene certaine ge- 


angles. And firſt « 
nerall notions, and rules. necefſary therevo. 


N cuery triangle both Plaine,and Spherical, 
x aro nh eee ©. 
the greater angle hath the greater fide 


oppoſite vnto it, Allo the'greater - 
eth to the lefler ſide, and _aporn. 


hath the leſſer angle lying vmto'it 
In exery plaine triangle , any two angles he Slocn 
the third is alſo giuen : and one of the les given, 
the ſumame of both the other ewo is all the 


three angles together, are equall to ewo right 
is co 1 80 degrees. fy | . 

plaine reQangle triangle,  onc of the zcate adgles is 
complement of the other. Where note that when 


hac 


AFewo arches together make vp a Scanicircle, the ex- 


cefle of the greater arch , is cquall to the complement of 
the lefſer. 


The 


Ret . >. £445 6th 


Panrh. Triganomerris. 


The ſame Right Sine, and the ſame T. » and Se- 
cant, doth belong boch to the arch ir iclfe, and aſoto the 
ement Of it to a Semicircle, But their verſed Sines 
differ : For the verled Sine of an arch lefle then a qu:- 
drant, is equall to the diflerence of the Radius , and the 
Sine of the complement of that arch ; and the verſed S.ne 
of an arch greater then a quadranr, is equall tothe ſumme 
of them, And the vericd Sine is thus teund our, As the 
Radix is to the Sine of balfe the arch; fo is the Sine of 
- halfe arch, to halfe the verſed Sine of the whole 
arch, 


In a rightangled triangle both Plaine , and Sphzricall, 
one of the fjdes containing the right angles , is called the 
Baſe, and the other the Carhetus : and the fide ſubtending 
the right angle is the H, potenuſa. And know that eucry 
retangled triangle , is moſt firly noted with the letrery 
ABC; fothat B 4may be the Baſe , and C A the Cathe- 
tus, aniBC the Hyporenuſa : and B the angle at the bale, 
and © the angle at the Cathetus , and Athe righe angle. 
Likewite eucry oblique-angled triangle with the letters 
BCD ; fo that our of the angle C a perpendicular C A, 
being let downe, it may in the baſe BD diſtinguiſh the 
twocaſes B A and DA, which are the baſes of the two 
particular tri into which it is cut. And in noting 
the triangles with lettergobſerue diligently, .that if any 
angle be giuen together with one of the fides including ir, . 
the ſame angle be noted with Z ; and the (ide with BC, 


If boththe $ at the Baſe BD beacute,the perpendi- - 
cular C A hal fall withinthe triangle: And BD=B A+D 4 
that is BD is cquall to the ſumme of BAand D A. And 
if the angle B be obtuſe, rhe icular C A ſhall fall 
without the triangle , be the obtuſe angle B : And 
BD=D A—BA, that is BD is to the exceſſe of 
D A aboue B A or if the angle B. be obtuſe, the perpen- 


dicular C4: ſhall fall without the triangle beyond che 
obtuſe 


A er 


= a5, Aus aw - 
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— 


xr |. 


angle D : And BD = BA—D A, thatis BD is equall to 
the exceſſe of BA aboue D A. The lefler caſe being ill 
taken trom the greater angle. 


And note thar this figne4; or p/(that is ſheweth 
that the magnitude before which it 18 ſer, nog 
poſitive in nature ; and therefore to bee added. And that 
this figne — or # (that is wines) ſheweth the magni- 
ude before which it is placed, is denied, and priuatiue in 

re ; and therefore to be ſubſtraſted, as you may (ce in 
thoſe tormer examples. 


Apaine, ſome magnitudesare taken ſeucrally and apart? 
as s 4, aptata mains. | oye oe chacks the 
Sine of the complement of the Hypot ; eB, that is 
the tangent of the angle ABC at the baſe; co C, or 
tco ABC, the tangent of the complement of rhe anglc at 
the Cathetus : Soalſe /4Z, thar is the quadrat fide of the 
plaine Z, And ſome magnitudes are taken ramerly, 
and then they are included im pricks: as 5 , 2C4BD—BC . 


that is the Sine of halfe the arch , which is compoſed of 
the ſumme of the two arches D C,and BD, abating therc- 
— BC. Soallo/7q: Z » X: thatisthe rat 
fide of the two plaines Z and X put together: alſo /q : 
Qin R: Or /q: QL«R: that is the quadri fide of a 
reRangular plaine , the two ſides whereof are the lines 
.2 and R,or ſome fourth proportionall already found,and 
the Radiews , or Semidiameter , which is the torall Sine. 
For by the ſigne in,or »,1 vic to exprefſe multiplication. 


W henany triangle is ginento be reſolued by Trigono- 
metric, note the parts thereot (cither-ſides or angles) 
which are giuen and knowne,, with a little line drawne 
croſle each {uch part ; and note the vaknowne part which 
is ſought for with a little circle, 

And 


. 


 $5Y ——_— 
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bevie right angled os ob- 
(6 > ry of them ſe- 


Laſtly, if a triangle with all the three angles giuen, be | 
/ conuerted i 


required to be | into a hauing the three 

giuen. You ſhall for.the greateſt angle of t 
—_ ,& for the greateld fide ſubtending it, rake 
che 


of the tri- 


lefler angles, 
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THE CALCVLATION OF PLAING © 


c 
L 
4 A 
BC , 'BA:i: Ri 1B (1C); 
C 
Ih : 
-B. - A 
BA: CA :4 R .tB (tC); 
Of plaine Oblique-angled triang\cs. 
C C C 
= x 
B D = omRm—_—— yy D 


iB « DC :: iD . BC :: CC ., BD, 


and here it is neceſſary to be knowne , whetker the angle 
ſoogh for be greatcr,or els then a right apglegor go - | 
Fu 


—— 
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72 \ Il, 

B D 


- Firſt ſcek theangle D, by the T1T ;then both the angles 
Band D being (u out ot-180 , yon ſhall hauc 
1899 —B—DZ=C- 


C 
P. 


4& _ 
B D 


Firſt ſceke the angle D, by the I'T.; then both the 
anglcs B and D being ſubducted out of 1 80, Say 


+B . DC 33 ©: 186—B—D , BD - 


Ter the file BD be greater then the ſide BC: 
Firſt, BI: 4 3C , BD—BC :: e180—B,, 4Q 7 
then for the other two angles : . 


-Q=te !efſer A 
Lee 


wo—P.Q.. thc graatcr . 130-B 
ou 'S) 2 0 


Let the fide BD be greater then the ſide BC :- ; 
by the III. 


Firſt, the 


VIE. 


Takethe grenteſt de BD forthe baſe 1 und let the fide 


BD . BC4DC -:+/ BC—DC .- Q (vkBD—2DA) . 


Nexrly ( ſocke the 8 8 D, bye 


"Laſtly 18$0—B— 


— At 4 
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THECALCVLATION OF 


Spharicall cight-angled, and quadrantall 
triangles. 
C 
I: 
B A 


RK! 4B i: 4BC ; 1CA 5 


F. 


B -- A 

R ; sBA 23: #B ACA, 

R . #coB 23: tCA « BA, 

R . 7BA :; #60CA .roB , 
& 


B | A 
R ; 160B 11 rBC ; rBA * 
R , tw RC ttr4 BA . 2ceB . 
R , 260B 1: tcoBA . 260BC. 
C 
B A 


R ; enfiC 12 4B ;emt 5 
- 


if 


—— — — 
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C 


Fly " 
D 


B 


— 


FI, 


Ta triangle BCD be quadrantall, haning one fide BC 
equull ro a quadrant ; vpon the pole D deicrib. an arch of 
a greatcircle CA, cutting the fide DB exteniedin A: 
and ſo making a right triangle ABC without the 
other. This outward right-anglcd triangic ſhal: be retol- 
ucd in ſtecd of the quadrantall propoſed. 


Of Spharicall Oblique-angled triangles. 


C W_cC C 
B D B D B D 


i 3: 5DC croD , zBC :: IC , 1BD 5; 


and in theſe jt is nec«lary to bee knowne whether the 
terme ſought for be greater then a quadrant, or not. The 
lamealin is to be knowere in the tenac rules next fullow- 
mg, it the fides BC and DC arc both giucn. 


Firſt, * 


D B 44 A 


+ D Fa | 
Firſt, R /." 260B 3: eBC , BA ; 
——— + 460DA 3 4 coBC + 1$6DC C 


- 2608" 14" #BC | 1BA © 
: Firſt, R . -60B"|:r' #BC , 2 x 
| - han 502 THE; an #D ; 
6 


X7. 


Firſt, R Þþ; 2coB 21 oBC OBA. 
then, +69RC . 18DC 1; 200BA | 16DA & 


Firſt, 


Paz I. Of Sphevicall obleqne-angted triangles; nog 


Fu, RK © #0 ot 
then, ;*D , eB 35: 


Firſt, R . +coBC :: 8B , #coBCA . 
then, + DCA ., Jc0BCA :: #BC , DC. 


.C (#4 
of & \ 

Fd \ X11, 
LC 75s d Ws, © D / 
B, A BA 5 D 4A 


Firſt, R . z2coRC 223 #3 Þ ecoBCA.. 
then, 5 BCA . 4DCA :: sc0B . z60D « 
P Firf, 


ooo . . 


call olique-mgled viangler-Pune """ 


Firſt, R 5 2e0BC' :: 2B , rcoBCA , 
theh, 7 DC. « '1BC x: #c0BCA . reoDCA. 
Q 


Firſt, | 460BC. : : 1B «. tcoBCA. 
then, 1ceB,, " 40D : ; #4BCA . DCA. 
C 


B. D 


Firſt, R « BD ":: BC. . QI. 
then, QT ./'v: PC43D—3C 2 nNC4BCm. Qnt. 


See what QI entreth in the fifr cirele , which is of 


equalldiuiſions ; and thereto adde the Kadins , by ſerring 
x bctore 
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1 bcfore that number. Diaide the whole into two equall 
pars: and reckoning one halfe in that fift circle, ſer the 
Index to it, and it in the firſt circle cut the Sine of 


C 


X/TIT. 


B D 
Tfall the three angles be ginen : connent the cri 
into another hauing all the three fides giucn: and 


the lame for the triangle propoſed, 


CH ar?, XIUL 
of the NoQturnall Dials. 


Here are in the Inſtrument, two ſeuerall 
Noeflurnall Dyals, The innermoſt of then is 
fitted to ghe ſtarre in the ramp of the great 
Beare, commonly called Atiet The other 
is compoſed of 1 2 ſcucrall ftarres : whoſe 
names you ſhall inde written within,necre to the center. 

The outermoſt circle of the NoQuurnall Dyall is diui« 
— mnt ont Tree mr 
into quarters, and are to 
houres, #s may be ſecne in the Inſtrument. | 

The tniddlemoſt cirtle of the NoQurnall is dinidd in- 
to 12 mencths, hauing their names written : cach moneth 
being di otenth dayes with lines ; 
———_— enogh cc dey ct te = mar 
ment monct - 
—_— noted with pricks. 

In the innermoſt circle are the diniflons and names of 
12 fixcd ftarres : whichare theſe. 


The bright tar in the bead of yy. Virginis 
che Bette by Nob llance 
the latrer ſhoulder of Orion the head of 


the little d the heart of che Vulcur 
the laaje ot he Lynn 4 the mouth of Pegaſus 
the tayle of the Lyon the tip of the wing of Pegaſus, 
To finde ont the hoare of the night 
by Alior. 


Sceke the day of the meneth in the annuall circle of the 
Nocturnall : aad apply the Index thereto : marke what © 
houre it cutteth, jn the houre circle, . Remember this 


houre for all that day : then at night whea you would 
fiade oat the houre ,-hold vp your Infrument-by the 
handle , and mone it vp and done, till you {ce the pole 
ſtarre through the middle hole, and the ſtarre called Aaor 
by the limbe : S<t the Index or labell ro Ador, and marke 
what hourethe labell cuttcth, for if vato this houre you 
adde the houre kept in minde for that day, the ſummeof 


both ſhall give you the crue houre of the night : ſo that 


you caſt out 13 boures,- from the ſaid ſumme if it (hall 
chance to be more. 

Example. If on the 15 ® of Nouember you would find 
the houre of thenight by the ſtarre 4Abor. Apply the In- 
dex to the day of the moneth, and it will cut in the houre 
cirde 8 and an halfe; then ethe Index being fetto 


the ftarre Alot , as aboue taught, doth cut inthe houre 
circle, 10. theſe ro numbers bing added roger, the 
ſumme wil be 19: , out of which-ſubduQ 12 ; and the re- 


maines 6;, will be the true houre of the nighe. 


To finde ont the houre of the night by the 
Inner NoGturnall Dyall. 


To performe this it is neceſſary that you know the 
true Meridian of the wherein you arc, and can finde 
Hom dey ww which you may thus doc. Hauing a Me- 
ridian line drawae in ſome window, or other conucnient 

lace (as is hewed in the Second part of this booke, 
Fr 19) ſtick vp thereina loag needle perpendicularly,and 
watch till the Sunne caſteth the ſhadow of the necdlc, vp- 
on the Mcridian line. Or elfe in a true Sunne Dyall ob- 
ſerue when the ſhadow fails iuſt on 1 2 a clock, for then is 
theSunne inthe Meridian. W herc fore goc inſtantly into 
ſome place about your houſe where you may ſee ſome 
marke, cither a chimney, or the corncr of an houſe, or @lſc 
ſome tree , or ſuch like , direAly betweene you and the 
Sanne : then hauc yoa the truc Meridian, 
P 3 Or 
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Or otherwiſe you may ina cleare night goe 
pole y on the ground, goe a 
trom it Southwards ; and chen moue vp 
you tee the top of your pole, directly betweene 
andthe North tarre : thenſet vp anot hs 
pendicularly betweene your feer,ſs thar both your 
and the Polar fiarre, oy ions Land 

oing backe againe to your f1 » looke what knowne 
Ces jodiretitycomeryoct laſt pole}, for thar ſtarre is in 
the Meridian, You may goe to ſome 
conuenientplace , andtake a 'marke w you may at 
all eimes know the Meridian asis afore taught, 


When therefore at any time of the night you would 
know winr «ciocteiris ; goe eter gs MS 
ood, and looking direAly over marke, ſee 
the 12 fixed ſtarres, bee in the Meridian; or it none of 
them be therein , obferue whichtwo of them are on ei- 
ther ſide thereof, and what'part of that ſpace is in the 
Meridian. Then goe into the ught, and take your inſtru- 
ment, and ſetthe Index totharftarre, or point which you 
(aw in the Meridian : marke what houre it cutteth , for 
that fame houre being added to the houre, which the day 
of the moneth (heweth , ſhall giue you the true houre of 
thenight : ſo that you caſt out 13 houres, from the ſaid 
\umme, if it thall chance to be more. 


Example. Suppoſe the fifth of December , that the 
middle point of the ron betweene the bright ſtarre in 
the head of Aries, and the Bull eye, bee in the Meridian. 
Sct the Index to the widdle point of the ſpace betweene 
thoſe ewo Rtarresin the Inſtrument : aad it will cut in the 
hourecircle 2 and an halfe : then, againe ſer the Index to 
the &fth of December,and inthe houre circle jt wil _ 
w 
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Wo 
which added vnto 2 and an halfe , giucth 9 and aa halfe, 
for the true houre of the night. 


Another example. Suppoſe the 19 of December,that 
one third part of the ſpace betweene the Bulls eye, and the 
right ſhoulder of Orion, be in the Meridian. Set the Index 
to one third part of that ſpace in the Inſtrument , and it 
will cut in the houre circle 4 and halfe a quarter almoſt ; 
againe, ſet the Index to the 19S of Decemb-r , aud 1n the 
houre circle it will cur 6, which being added vato 4, and 
halfe a ralmoſt , giueth 10 and almoſt halfe a quar- 
ter for the houre of the night. 
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SECOND PART 


OF THIS BOOKE. 


As, 


— —— — 


Shwving the ve of the Second fide. of the 
Inflrument, for the working 4 moſt queſts- 
ons, uw may be per formed y the Globe : 
And the defflination of Dyals , wpon 


B2@AR. Pon the cord ſde of the Inſtrument, is deli- 
7 \ WEE neatcd the prozeffion of the wpper Hemi(phere 
LON 2090 the plains of the Horizan : The Horizon 

AVZAEYY it [cite is vnderſtood to bee the innermoſt 

MEE circic of the limbe : and is diuided on both 
ſides, from the points of Eft, and Feſt into degrees, no- 
ted with 10, 30,30, &c. vnto go. And the center of the 
Inſtrument is the Zemetrh, or Vertical point. 

Withinthe orizen, the middle ſtraight line, -or Dia- 
mctcr pointing North and Southgis the Afrridian,or 13 4 
clock line. : and the other ſhortarchung lines,0n both 1 (es 
of it ace the bowre /mes diſtinguiſhed accordingly by their 

Q_ gUILef. 


The D:feription of the 


figures. Theſe ore lines ſhould indeede b. J drawne 
through the w plaine croll one another 1 the 
Pole of the world : bur chat the In ument may be wore 
faire, they are onely drawne ſhort. 


And becauſe diners excellent vſcs , doe require the to- 


NT have ina teuerall pa- 
per, inſcribed jnti hovre lihes, and alſo two 
other circles betweene them, containing encry one fine 


degrees. (But if the Inftrument were large enough to re- 
cewe them, it were beſt if cuery degree had his circle : 
and fo cuery 15 circle ſhould bec-an houte lines) And of 
the parallels, there needes no more, burthe ZquinoRl, 
and both the Tropics. 


For as much as there will be yu vic of this paper In« 
ftrument; I haue in _ Vic nrkrodee note 
makiag't : ſo that any that 14 ingenuous y ha 

may himſcife delineate one ſuthcient enough to ſerue his 
turne, for any clcuation- 


The two arches which crcflethe houre lines meeting 
on both fides in the points of interſetion of the (ixc a 
cleck: lines with the Horizon , are the we Semvicircles of 
the Ecliptick, or Annuall circle of the Sunne : the vpper 
of which arches ſerueth for the Summer baife yeare, and 
the lower for the Pinter halfe yeare : and are therefore 
diuided in 36s diyes : which are alſo diſtinguiſhed into 
12 moneths with lines, hauing their names ſer 
downe : and into tenthes, atid fifthes with ſhorter lincs : 
a1d the reſt of the dayes with pricks: as may plainly bee 
ſcenc in the Inſtrament. 


And this is for the ready finding out of the place of the 
Swnne euery day : and allo for ſhewi of the Swnnes 
yearely motion : becauſe by this motion the Sunne gocth 
round about the heaucns inthe compaſſe of a yearc,make- 
ng 


_—_— 


Parr l [. Florizontall Inſtrument. 


115 


ing thc foxre pr12,07 ſea/ons thereot. Namely the Spring, 
in that quarter of the Eciiptick which beginneth attire 
interſcRion on the Welt fide of the Inſtrument, and is 
therefore called the Yernal interſeftiom. Then the Sunm- 
wer in that quarter of the Ecliptick which beginneth 
with the inter(eRion of the Meridian in the higheſt point 
nextthe Zenith, And after that A#tawmne in that quar- 
ter of the Ecliptick, which begiancth at the interſection 
on the Eaſt fide of the Inilrument, and js therefore cal- 
led the Autnmnal interſeftion, And laſtly , the Winter in 
that quarter of the Ecliptick, which beginneth at the in- 
terſeRion with the Meridian, in the loweſt point next 
the Horizon. 


But beſides this yearely motion, the Sunne hath a Ds- 
urnal ordeyf motion , whereby it maketh day and nighe 
with all the diuerfities, and incqualicies thereof : which 
is expreſſed by thoſe other circles drawne crofle the 
houre lines : the mi !dlemoſt whereof being groſler then 
the reſt, meeting with the —_— in the points of the 
Vernall, and Autummall interſettions , is the + Equinotliall : 
and the reſt on both ſides of it, are called the Parafels, or 
Dinrnall arches of the Sanne : the two outermoſt where- 
of are the Tropics, becauſe in chem the Sunne hath his 
furtheſt __ , or py es" the £quinoRi- 
all, which 1s ecs 33; : and thence beginnerh againe 
Laney oy pn The v of the two 
Tropics next the center (in this our Northerne Hemis 
ſphere) is the Tropickof Cancer ; and the Sunne being in 
it , is higheſt into the North , making the longeſt day of 
Summer. And the lower next the Horizon, is called the 
T ropick of Capricorne ; and the Sunne being in it, isloweſt 
into the South, making the ſhorteſt day ot Winter. 


Betweene the two Tropics , and the £quinoRi- 
all jafinite fuch peralel cireler are ynderſtoode jo bee 
Q 3 contained ; 
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cotitained : for the Sunne is whar point focuer of the 
Ecliptick it is caried, deſcribeth by his lation, a circle pa- 
rallel tothe ZquinoRtial. Y errhoſe parallels which are in 
the Inſtrument , chough drawne but to cuery ſecondde. 

of Declination, may be ſuihcient todireR the eye, in 
imagining and tracing out , through cuery day of the 
whole veare in the ick, a proper circle, which may 
be the Diarnall arch of rhe Swnne for that day. For vpon 
the right eſtimation of that imaginary parallel , doth the 
manitold vie of this Inſtrument rely : becauſe 
the true place of the Sunne, all chat day, is in ſome pare, or 
pornt of that circle. Wherefore for the berter concet- 
uing, and bearing in minde thereof, cucry fift parallel, is 
hcrein made a little grofler then the reſt, 


I Vſe. 4nd thus by the the, and view 
only to behold and comprehend the courſe 
of the Sunne, beth for bus Annuall aud 
Diurnall motion, way be the firſt vc of 
thu Inſt Tument, 


Il Vſe. Totake the height of the Sum 
abone the Horizon. 


Set yp the pine; (which is therefore made fir for the 
hole ar the center icular in the center : and put 


the Indices on des;downe vpon the Meridian, thar 
they with their waight , may not way 
any way a8 it 
toe abone in the 
the edge toward the Sanne, 
dow, vpon the 
which the, ſhadow of the pinne cutteth in the limbe, 
is the height of the Sunne abouc the Horizon , at that 


preſent 


che Inftrument 
64 omen pb ane Pe bots 
perpendicu y 
ens 
in the limbe : for char 


IN Vſe, 
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III. Vie. Ts find the Declination 
of the Sunne enery day. 


Looke the day of the moneth propoſed in theEclip- 
tic,and marke how many degrees the prick ſhewing that 
day,is diſtant from the EquinoRiall, cither on the Sum- 
mes, or Winter ſide, viz North,or South, 


Example. 1, What will che Declination of the Sanne 
be,vpontheti® day of Anguft? Lookeghe 11 day 
of eAnga/t: andyou (hall ind it in the fixt Circle a. 
boue the Aquino@all :- naw becaafe' cach Parallel, ſtan- 
deth (2s hath beene laid before) for'2 degrees, the Sunne 
ſhall that day decline North-wagds 12 degrees. 


Example, 17, What Declination hath the Sunne, vp- 
of the v4* day of March 7 Looke the 24% day of 
CAaveb, and you ſhall find it, berweene the ſccond, and 
third Northerne parallels, as it were an halfe and one fife 
part more of thar diſtance from the ſecond : reckon 
therefore 4 degrees for the two Circles, and one degree 
for the halfe ſpace : ſo ſhall the Sarmes declination bee 5 
degrees, and abour one fift part of a degree Northward, 


» 111, What Declination hath the Sunne 
vpon the 13* day of Nonewber ? Looke the 13% dayof 
| 241 ny and you ſhall find it bclow the EquinoGuall, 
tenne parallels and about one quarter, which is 20 de- 
grecs, and an halfe South-wards. So much is the Decli- 
_— And according to theſe examples indge of all 
the reſts 


ITT. Vſe. To find the Right af- & 
cenſion of the Sunne exery day. 
Imagine an hower line throagh the cay of the 
moncth giuen,and marke in what point it wil cr fle the 
Q 3 £&qui- 


—— 
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E&quino&iall : then lay .« Ruler , or a ſtreighe Scroule 
of paper, tothe Pole of the world (noted in the Inſtru- 
ment with P#) and that ſame point. For the Ruler 
ſhall in the innermoſt Circle of the limbe, of the South 
fide, cur the Right aſcenſion of the Sanne for that day, 
te be reckoned trom the Weſt,to the point of interſeRi 
on, for the firſt, or vpper Semicircle of the Ecliptic: or 
from the Eaſt together with 180, for the ſecond, orlow- 
er Semicircle of the Ecliptic. 
V. Vie, To findthe longitnde of 
.the Sunne, or 3x what degree of the 
Signe be « every day, 
The Pole of the firſt Semicircle of the Ecliptic isno- 


ted P.7. andthe Pole of the ſecond Semicircle i8snoted 
P I I. laya Raler, or a ſtreighe Scroulc of paper, tothe 


day of the moneth, and the Pole of the Semicir- 
cle of the ic, in which itis : ferthe Rulcr hall in 
the innermoſt Circle of the limbe, on the South fide, cuc 


the of the Sunnes place in the Ecliptic, reckoning 
i int NTT the Sunnes 
Righc aſcenſjon : and the Arch thas found is called the 
longitade of the Sunne. which may bee gxpanſed into 
ſignes, by reckoning on the limbe, from the Weſt to 
South F;v, x, and from South ro Eaſt g, NM :then 
backe againe from Eaſt ro South w, m, 7 ; and laſtly from 
South to Weſt w =3, 6, allowing 30 » for cach 
of thoſe rwelue ſignes, 


V-I. Vſe. To find the Diurnall Arch, 
” Circleof the Snanes courſe every 

The Sunne cuery day by his motion (as hath be 
ſaid) deſcribeth a Circle parallcll to By Snrnan ry 
whachis gither one of the Circles in the Inſtrumcnr, uc 
ſome 
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faine day : Bur if uc Fall betweene any. two of thoſe Pa- 
rai.cl,, 1410 17 your minde, and eſtimate with your: 


As inthe firſt of the three former Examples, The cir. 
cle of the Sunnes courſe, ypon the 11 day of Auguſt, 
ſhall be the very (ixt Parallel aboue the EquinuRiall to- 
wards the Center. 

In Example II. The Circle of the Sunncs courſe vpon 
the 24 day of March, ſhall bee an imaginary Circle be- 
tweene the ſecond, and third Parallels, fill keeping an 
halfe of thar ſpace , and one fift part more of the reſt 
(rom the (econd. 

In Example II. The Circle of the Sunnes courſe vp- 
on the 13 day of Nowember, (ball be an imaginary Cir- 
cle, berweene the tenth, and cleanenth Parallels, below 

the &quinotiall, till keeping one quarter of that ſpace 
from the tent he 


VII. Vſe. To find the Riſing and 
Setting of the Sunne ewes. By 


Sceke out (as was laſt ſhewed ) the imaglncy Circle 
or Parallel of the Sunnes courſe, for tharday, and marke 
the point where it meetcth with the Horizon, both on 
the Eaſt and Weſt ſides thereof, for that isthe very point 
of the Sunnes riſing, and ſetting that ſame day, and the 
hower lines which are on both tides of ir, by proportio- 
ning the diſtance reaſonably, according to 1 5 minuts, for 
the quarter of the hower, will ſhew the hower of che 
Sunnes riſing, on the Eaſt fide, and the Sunnes ſetting on 


the Welt fide. 
G_— VIILV& 
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- 1, /V ILL Viſe. To know thereaſon, and 

manner, of the Increafing, «nd De- 

creaſing of the dayes and nights 
throughout a overanth 


When the Sunne isin the 
ſetreth at 6 a Clock, for inthe j 
onof the and the Eclipric with the Hori- 
=o Abned nn ren ch feng 

bee out of ZquinoQiall, toward 
North, the interſe&tiens of the Parallel ot 'the Sanne 
with the Horizon, is before 6 in mg, and afrer 


!, it riſeth, and 
rumenty theinterfeRi- 


ener —or mr ramps my in the 
and before 6 inthe ing; and the diurnall 
—_—_ 13 howers; and muchlcfſcr, rhe 


"- EO rk in which the Sun 
his Declination, the length alſo 
and where the Edipeic goeth 
the Declina- 
of the day allo is-bur little 


rin ye when the Sanne is neere vnto the 
on both ſides, rhe | , ind alſo 
| | thoſe places, the 


| gu 

reacet Dectiarion as in the 
and the depth of Winter, the 
dayes 
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dayes «Ec IOL @ 10-4 ULAC, As It WEIE AT one (tay, be» 
caul(e in thole placesche Ecliptic is in a enanncr parallel 
to the &quinoQtrall, icarce aitcring the declination : and 
becauſc 1n thole two times of thy yeare, the Sunne (tan- 
deth as it were til!, ac one declination ; they are called 
the Swmmer Sollice, and the Winter Solſtice. And in the 
meane (paces, the neerer every place is to the XquinoQi- 
all,che greater is the diveriitie of dayes. 


W herefore we may hereby plainely (ce, that the com- 
mon rec:iue1 opinion, that in every moncth, the dayes 
doc equally increaſe, iscrroneous. 

Al'o wee may ſee that in Parallels equally diſtant from 
the Aquinottial', the day onthe one fide, is equallto the 
night on the ether (ide. 


IX. Vie, To find the Aſcenſionall 
difference of the Saunne every day. 


Secke out the time of the Suns Riſing, or Serting thar 
ſame day (by the V II Vie) and fce how much. dif-reth 
from ſixc a clecke, then c wuert the lame difference ints 
deg-ces (as was taught in 1 Part. Chap. 12. SeR. 1.) by 
m i|tiplying the howers with their decimall parts, by 15. 
And to haue you the Aſcenſionall diff:rence tor that day. 


X, Vie. To find owt the Oblique 
aſcenſion of the Suanc every 4ay. 


Seeke out the Sumnes Right aſcenſion(by the ITIT Ve) 
an1 rhe Afcenfi all diff:reace (by the IX Vie :) Ani if 
the Suanc be in the firſt Semicarcle of the Eclipric, Subs 
duR che Aſccefiooalt 4iff rence, out of the Right aſcen- 
ſion : Burif the Sanne be in the ſecond Semicirel:= of the 
Eclipric,xcde the Afccnlionall diff-rence to the Right als 
cenaon : aad you ſhall hauc the oblique aſcenſion. 

R Xl Vie 
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XI. Vie. ve mo 
Sunne riſeth , erreth, 
true Ck points ire [7 
called the Sunnes Amplicude Or- 
tive, 4nd occaliue. 


Seeke out (as was ſhewed in the V 1, Yſe)the imagina- 
ry Circle, or ot the Sunnes courſe, and the points 
of that Circle in the Horizon, on the Eſt, and Weſt 
fides,. cutteth the degree of the Amplitude Orrive, and 


XII. Vſe. To find the length of 
every day and night. 


Double the hower of the Sunnes ſetting, and you ſhall 
| have the length of the day ;_ and double the hower of 
5 the Sunnes riſing, and you ſhall haue the length of the 
night. 
X1II.Vſe To find the true place of 
the Sunne , yore Inſtrament , 
which anſwereth to the point, wherein 
the Swunne iu in the heavens: and ©t 
the ground of all the queſtions follow- 
ang. 

Take with your Inſtrument the height of the Sunne, 
and reckon it on the moucable Index, or Labell: and then 
moue the (ard Labell,till you find the height of the Sunne, 
exacly tofall ypon the Parallel of the Sunne for that day, 
on the Eaſt ſide if it bee inthe Fore-noone, and on the 
Weſt fide, if it bee in the Afrer-noone ; the point of in- 
terſe&ion, where the Indez, or Labell He Bo. 
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raiicl, 1n chat point of the Sunnes altitude, (hall bee the 
true place of the Sunne onthe Inſtrument. 


X11II. Vſc. To find the Hower of the day. 


The trueplace of the Sunne on the Inſtrument (found 
out a3 was laſt ſhewed) ſheweth among the hower lines 
the true hower of the day. 


XV, Vſe. Tofindout the Azumith 
or yerticall Circle in which the Sunne 
#, or the Horizomall diſtance of the 
Sunne from the Meridian. 


The Index or Labell faſtned at the Center, is a mouca- 
ble Azumith : apply therefore the cdge thereof, vnto the 
true place of the Sunae on the inſtrument (found out as 
was ſhewed by X111. Vic.) And mai ke what point of the 
Horizon, or Limbe,the ſame edge of the Labell cutterh; 
reckon how many degrees of the H cizon, are intercep- 
ted betweene that point, and the Meridian line, or South 
point, either on the Eaſt, or Weſt fide : and that Arch 
ſhali be the Horizontail diſtanc« tonghe for, whereby is 
ſhewed the Azumirth of the Sunne at that inſtant : and 
couſc the Angle which the vertical Circle, or A- 
zamich of thc Sunne aaketh with the Meridian. 


XVI. Vſe. The Azumith of the 
Sunne berng knovne, to find ont the 
Altitude of the Sunne, «nd the 
Hower of theday. 


Set the edge of the Labell to the Az1mith given, and 
mar%c 11 what point ch: lame edge c: ufferb the YVarailel 
of the Sanne for that day: that point ot interſeRion | 

R 2 ſhewerth 
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ſhewerh the height of the Sunne abouc the Hor1zi n,vp= 
on the Labcil ; and alſo ut ſhewerth the howet of the day 
among the hower lines. 


XV1I. Vſe. To findat what hower 
the Sunre commeth to be tull Eaſt, 
#7 Weſt every day in Su m.m.7, 


Apply the edge of the Labell, vnto the Exft, or Weſt 
points of the Lumbe, and marke in what pomn!, the taid 
edge cutteth the Parallel of the Sunne for char day, for 
that tame point amorg the hewer lines, ſhall ſbew the 
time of the Sunnes© mmng to be Full Eaſt, or Weſt 18 
that day, and iikewile of what altitude the Sunne will be 
abuuc - As that ticue of hus being tull Eait, 
or We 


XVIII. Vſe. To find the height of 
the Sunne at high Noone cvery day, 
and likewiſe 43 every other hower, 


Marke in what point the Parallel of the Sunne for thar 


day, curteth the line of that hower, tor which you would 


kizow the Sunnes aitirude :* And vnto that point of inter- 
{cien, apply the edge of the moucable l, or Index: 
and thercon (þall you find, the very degree of the Sunnes. 
altitude, at that hower, 

By this XVII Vie, and by the XVT, are made the 
Qeadrants, deicribed by Gemma Frizims, CM mnſter , 
Clanmm, Mr. Gunter, and others: and allo all manner of 
Rings,C nlnder 5,8 inuamerable other ropreall Inſtruments, 
for thc finding « ut of the hower, and other hike concluſi- 
ons. And likewve the reaſon, of finding the hower of 
the day , by a mans ſhadow, or by the ſhadow of any 
Gnomon, ſet vp perpendicular to the Horizon, or clic 


parallel torr. 
XIX.V (es 
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XIX. Vſe. To find out the Meridian 
line, and the pvinrs of the compaſſe 
without 4 Mag neticall needle, yea more 
exattly then with a needle, 


* Take the height of the Sunne, by the ſhadow of the 
pinne: and apply the ſame height, reckoned on the Index, 
o” Lab. ll ro the parall:i of the Sunne for chat day, viiere» 
by you hane the true place of the Sunne, inthe inſtcu- 
mc1n',1$ hath beene ſhewed in the XII. Vie. Thenkee- 
pirg both the Laoell ar chat point, and the pinne vypright 
in che Center, hol4, or ſcr your inſtrument paraliel co the 
plaine of the Horizon, with the pinac toward the Sunne, 
and moue it genely,rill the ſhadow of the pinne ſhall tail, 
exactly vpon,the tiCuciall edge of the Lavell. Forthcn 
the Mcridian line ot the inſtrument, (hall be in thetrue 
Meridian of the place : and the fourc quarters of the 1- 
ſtrument, ſhall looke into the foure cardinal! points, of 
Eaſt, Weſt, North, and South. Whercfore if with @ 
bodkin, you meke a prick at cach cnd of the Meridian 
of your inſtrument where it ſtandeth : and wich a Ruler 
draw aline through them :.the ſame ſhall bee rhe Me 
ridian of that plzce. 

This 18 a moſt excellent praftiſe, for finding out the 
Mcridian in any place, and 13 in an taitant performe'!, and 
that cafily. and hereby you may examine the YVariatos 
of the ( ompaſſe. And ailo exaRly place any Sunne Dyall, 


XX. Vſe. Confid rations for the 
vie of the inſtrument in the night. 


In fuch queſtionsas concerne the night, or the time be« 
forc Sun 11\ing,and atter Sunne letting,rhe in(trumentre- 
preſentcth che lower Hemiſphere, wherin the Southerne 
MY Pole 


Parr ll. 
Pole is elcuated. And nd therefore the Parallcls, which ar are 
abouc the Aquinottiall, ſhall bee for the outherne, or 
Winter Paralicls, and thoſe beneath the EquinoQtiall , 
for the Northerne, or Summer parallels. And the Eaſt 
faall be accounted for Welt, and the Weſt for Eaſt : and 
the Norch hall bee accounted for South, and the South 
for North : contrary to that which was before , when 
che Inſtrument repreſented the vpper Hemiſphere. 


XXI. Vic.To find how many de- 
grees the Sunne is vnder the Ho- 
rizon, at any time of the night. 


Secke the declination of the +y mo whonetn— op mf 
fed: andat the ſame declination, on the 

imagine a Parallel tor the Sunne that night : ond 6 marke 
what point of ir jsin the very hower and minute propo- 
fed : then ſet the Index,or Labell corhat of the Pa- 
rallel, and it will ſhew you thereon the degree of the 
Sunnes depreſſion vnder the Horizon. 


XXII. Vſe. To find out the length 
of the Crepuſculum , or T wilight 


enery day, 


Becauſe the queſtion concerneth the night time, you 
maſt ſceke out the Sunnes Parallel, for the night, on = 
other ſide of the # iall, haning the fame decling- 
tion with that w the day of the moneth fheweth : 
then mene about the Labell, vnrill the {aid Parallel cut- 
teth the edge thereof in the 18% deg: on the Weſt ſide 
for the Morning Toes, and on the Eaſt fide for the 
Evening Twilight, of the lame day. 

And note that in the height of S:mmer, the Twilighe 
in our Horizon , continucth all night long : becauſe 
the 


—_—— — — TY 


Parr Il. Horizontal Inſtrument. 


0 WE emer 4s, it. 


the lace gocth not wnder the Horizon, full 18 c degrees 


X XIII. Vſe. To find the Declina- 
tion of any Wall, or Plaine. 


Take a board hauing one ſtreight edge, and a line 
drawne perpendicular vnto that edge : apply che ſtreighe 
edge vnto the Wall,at what time the Sunne ſhineth ther- 
on, holding the bard parallel to the plaine ot the Kori- 
20N : an4 hang vp athread witha plummet, ſothat the 
ſhadow of the thread may fall on the board, croſſing thar 

ieular line. Then take with your Inſtrument the 
ighe of the Sunne, and 19ſtintly make ewopricks, in 
the thadow of thethread on the board, a good way di- 
ſtant one from the other: and laying a Ruler to thoſe 
two pricks, draw aline, which line (hall be the Azumich 
of the Sunne, on the board : againe with the height of 
the Sunne laſtly takev, fi.d out on your inſtrument, the 
Azumith of the Sanne ; or the Angle which the Sunnes 
Azumith maketh with the Mcridian, (by the XV. Vſe.) 
And on the board taking the inter{cion of the ſhadow 
line with the perpendicular for the Center , deſeribe a 
Circle cquall ro the innermoſt Circle of the Limbe : 
(which you may eaſily doe, if you fer one foot of your 
compaſſes ypon the Eaſt, or Weſt point, andextend the 
other foot vnto 60 degrees, on the ſame innermoſt Cyr- 
cle, for this diſtance is cquall to the Kadixs thereof.) A- 
gaine with your compaſſcs, take of the Arch betweene 
the Azamithof your Inſtrument, and the Meridian, and 
ſetthat on the Circle of the board, that =y that the true 
South is : and through the cnd of that Arch meaſured on 
the beard, draw a ſtreightline for the Meridian, Laſtly 
take with your compaſſes,the Arch intercepted berween 
the Meridian on the board, and the perpeniculat line, 
and by applying it to the inmoſt Circle of the limbe, 


fromthe Eaſt, or Weſt points {ce how many degrees ir 
con- 
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containeth : tor thar is the declination of the Wall. Or 
clic you may find the Meridian vpon the board, by X'X 
Vie 


If the Angle cf the Meridian with the perpendicular, 
on the board, be a right Aagle, the Wall is direR Eaſt, or 
Welt. 

But if the Meridian fall vpon the perpendicular, or 
be parallel thereto making no Angle with ir, che Wall is 
direct North, or South. 


XXII. Vſe. The Art of Dyalling. 
And firſt how to make the Init 1 ument 
in paper, promiſed in the begiwnm; of 
thu ſccond part. 


For the Delineation of this inſtrument in paper, it will 
bee nec« flary firit tro ſhew the manner how the Semidia- 
meter is to bee graduated, or diuided into degrees : and 
how the Centers , »nd S:midiamctcrs , of \ke fcucrall 
kinds of gore ar ob” Amps 

Vpon halte a rong large Darch r, (the 
lar ET the batter ) draw two ſtre1ght ii, A a a 
right Angle neere one of the corners, the one through 
the length, and the other throvgh the ,rcadth of the pa- 
per ; whichtwo lines I there: orc call the longer, and the 
ſhorter perpendicular. 

Vpcn the right Angle point, being the Center, with 
a Semidiamerer <qua'l ro that by which you intend to de 
lincate your inſtrument, deſcribe a quadrant of a Circle ; 
and on the point where it mcereth with the ſhorter per- 
pane re a long tangent line paralic} to the longer 

'1cular. 

Divice the Quadrant in'o go degrees, among which 
from che beginning ar the ſhureer p-r1-cnicular, rockin 
the cleaatiou of the Pole, for which you wil zacke your 
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inſtrumenc, and a piying a twuler to the end thereof, and 
to the Center, where the Ruler cutreth the rangene line 
make a prick. And taking with your compaſſcs the di. 
ſtance from the Center to that prick, meaſure it ypon the 
ſhorter papennmnr : this ſhall be the Semidiamecer of 
the fixe bewer ((ircle. Atrthe end thereof draw another 
long line parallel alſo to the longer perpendicular, 


Then out of the Center vnto the ſecond parallel 
through every degree of the quadrant,dray fine ſtreight 
lines, cutting alſo the firſt Parallel. The interſeRion of 
thoſe lines with the firſt Parallel, ſhall be The ſcale of cen« 
ters of Arches. And their interſetion with the ſecond 
Parallel ſhall be The ſcale of centers of hower Circles, And 
the ſegments of thole lines, intercepted berweene the 
Center, and the firſt Parallel, ſhall be the Semridiameters of 
Arches : and the whole lines betweene the Center and 
the ſecond Paralle!, (hall bee The Senndiameter: of howey 
Circles. And that you may know for what Circle, every 
Center, and Semidiameter ſerueth, you ſhall note every 
fift line from the beginning, with the figures 5, 10, 15, 
20, &c. Scr vnder the ſecond Parallel, vnto go which 
will fall vpon the longer perpendicular: that ſo youmay 
readily find the Center, and S:zmidiameter of any Circle 
required, 

Againe divide the firſt 45 degrees of the Quadrantin 
the middeſt : and applying your Ruler to the Center,and 
to every one of thoſe halfe diviſions, where in cach 
place the Raler cutteth the firſt Parallel, or tangent line, 
make a prick. So ſhall yen hane ypon the rangent line 
berweene the ſhorter perpendicular and the midicmoſt 
line 45, athird (cale, which is, The ſcale of go degrees, 
for the graduating of the Semidiameter of your inſtru» 
ment on the paper: In which you ſhall alſo diſtinguiſh 
every fift degree, with figurcsſet vnder the tangent: lines 

Having thus prepared yoar paper of ſcales with _ 
S ncat 
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neatly and «exactly drawne, keepe it by youto have ic (if 
in a readin« fle tor the muking, and viing. of the Initru- 
ment in paper. T he making whereot 15 thus. 


Take with your compaſics the S-midiameter of the 
Quzdrant in your paper of {cales { and thurewich vpon a 
peice of fhrung Dutch paper, Deicribe the Horizontal 
Circie : which you ſhalt cut into two Semicircl.s with a 
Mcri an line crawhe through tte Centr : Givi e them 
in: Ypadgants inthe points ct E.(t,avd Welt : and each 
Q -a91; nt inte go Cegrees to be marked with bgurcs wt 
as 1s done inthe laſtrument, 


Then with your cempaſſes take the elcyation of the 
pok vpon the ſcale of degrees m your paper:& let it vpon 
the Mcrid an line trow the Center which way you pleaſe; 
that. ſhail bee the interſeion of rhe AqguinoRtail with 
the Meridian. A:loreckonthe complement of the height 
of the Pole, vpon the ſcale of Cumers of Arches, and 
with your compaſles rake the diſtance from theend ther- 
of tothe Center : the ſame ſhall bee the Semidi:merer 
of the £quinoRtiall, ro bee drawne from the Eaſt point 
of the Herizon through the point of interſection with 
the Mc ridian vnto the Welt poiat. 


Againe take with your compaſſes vpon the ſcale of de- 
grees in your paper the complement of the height of the 
Pole ; and fet it yponthe Meridian on the other ſide of 
the Center from the AquinoRtiall : rhere ſhall bee the 
Pole of ihe Aquinoctuli, or of the World, in which all 
the houre lins. $ thail cri le one another. 


Nextly vnto the height of the Pole both adde, and al- 
ſofubduR 24 ; degrees ; and with your compaſi. s take 
both thoſe Archegio the ſcale of degrees: and ferthem 
in the Meridian from the Center, one falling beyond the 
&quinotta'!, and the other ſhort of it ; thole ſhall be the 
inecxſcRions of the two Tropics with the ——_— 
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ai by S.ctz 8, Chapt: 12 of the nrit part, the Ampit- 
tude orciue of the Sun, having 23 5 degrees declination : 

koa it being found, in the Horizoncall Circle from 
the Eaſt and Welt points both wayes : thoſe are the 
points of interſe&tion of the Tropics with the Horzon 
© both fides : and ſo having three-points in each Tropic, 
you may eaſily through them drawe the Circles. 


Moreover with your compaſſes, take the diſtance be- 
tweene the Center and che fecoo Parallel in your paper, 
which is the Scmidiameter of the fixt heure Circle : and 
ſer it on the Meridian trom the Pole. beyond the A Jui- 
noQiall: that be'the Center of the ſixt houre Circle: 
vpon which you may draw the ſame Circle, trom the 
Eaſt point of the Horizon through che Pole to the Weſt 
pointe. Then through the center of. the fixt houre Circle 
ere a line propeanttonge to the Meridian, extending it 
infigitly on boch fides of the meridian: and in that line 
both wayes, prick: downe the Centers of the horary 
Circles , onr of rhe {calc in/Fper : And laſtly opening 

compiles from every one of thoſe Centers vnto 
the Pole {overally, deſcribe all che horary Circles, or at 
leaſt every fiſt of rhem, and fois your paper inſtrument 
pcrfcaly fuuihed., 


The vſe of this inſtrument on paper is, tha: lines, and 
are>.cx may bee defighcd vpon it with a tins pennicell of 
blacke kad, and afterward be wiped 011 avarne. W heres 
forc it wi'l bee necdfull tor him that will v:c cis in{tra- 
mn: to all the puyrpoles thereof,” to ger a good paire of 
ln gc compaſſes with three pos, ne (k:rpe, anocher 
for inke, x third for blacke Lead. And | fuppoic it would 
doc well to fiſt n over your inſtruacat a price 0: rhinne 
oylcd paper, though wh.c\ the lineaments may be con» 
ſpicuous : and ypon it to trace luch lines, and arches 28 
mo occaſion to ye : that (@ your 1altrugacnt may be 

clcancy and laſt longer. 
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For as mach as in delincating the horary Circles , 
which arc within 30 degrees of the Meridian, the Semi- 
diameters will be ro0 long for your compaſſcs : you may* 


in thar ſtreight thus helpe your {elfe. Firſt ſay, 


As the Radine, 

is to the Sine of the Elenation of the Pole ; 

So isthe tang: of the <gfance of avy Horary 
(ircle from the Meridian, luppole 25, 
or 20, 0r 15, or 10, or 5 degrees, 


A feng FI F ro the;arch of the Horizon betWeene the 


, and that berary Circle. 


Reckon this diſtance on the limbe of your Inftru-- 


ment from both ends of the Meridian , and'marke it. 
Thus doe for the 25*, 20% , 15%, 109; and 5* horary 
Circle on both ſides of 'cach cnd of the Meridian. 


Then 1n any peice of cleane paper, throughthe mid- | 


deft of the longer way, draw aline : -and toward one cnd 
which (I call the upper ende) croffc the ſame with a per- 
pendicular line exaMly equall to the Diameter of your In» 
ftrument, the point of Interſeion being the center. 


Take with your Compaſſes out of the paper of ſcales, 
the ſemidiameter of 60. degr: (which you may well doe 
for an ordinary inſtrument) : and ſetting one foot on ei- 
ther end of the Diameter, that point whercin the other 
foot (hall curtt che firſt long line, makc your Center, and 
thereondraw an Arch through both ends ef the Diame- 
ter, and cutting the vpper part of the firſt long line : this 
Arch is cquall to that herary Circle, which is diſtane 
from the Mcridian 30 degrees the complement of 60. 


= 
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Dividecach halfe of the Diamerer into z eq uall parts, 
with 4 points, and from every of thoſe points vnto the 
Acch draw lines parallcl to the firſt long line. And having 
divided cucry one of thoſe fie parallel lines intercepted 
betweene the Diameter andthe Arch into 6 cqua!l parts, 
f..r the 6 rimes 5 which remaine to the Mcridi- 
ar, draw through thoſe diviſions from the ends of the 
Diameter (with a ſmooth and even hand) the Arches 25 
20, 15,10 and 5, 

Thoſe Arches you may transferre from the paper to 
your inſtrument inthis minncr. Kubb the backe fide of 
che paper againſt the Arches, with fine powoer of blacke 
lead : then applying the with Arches to yoar in- 
grument, that the ends of the Diameter may cxaly fall 
vpon the two oppoſite markes, in the limbe of your in- 
firument, which ſerue for the horary Circle that you 
would draw,cither 25, 20, 15, 10, org, trace over that 
Arch withthe point of aty hard peiceof wood ſharpe- 
ned; andthe blacke lcad on the backe fide will ypoa the 
inſtrument leaue the printof that Arch. 


XXV. Vſe. To:ſetan vpright Wall or 

lainevpon the inſtrument : and to find 

w many hoares the Sunne ſhall ſhine 
thereonat ſometiqne of the yeare. 


| Theſituationof Wals, or Plaines is conſidered cither 
anreſpeRt of the Mcridian, or of the Horizon. And vaco 

both ir is cither perpendicular, or oblique,or parallel, 
The plaine perpendicglar to the Meridian, is that 
which ſtandeth direQly North, or Souch : which if it be 
allo licalar tothe Horizon, is called North, or 
South direR vpright. Bat if it Noope from the Zenith 
forward, it is called North, or Souch inclinng : it back c- 
ward 


Panrll. The Art of Dydlling 


thar in a ſto: ping Piaine that tide which 18 toward the 
Horizon, is inclning, and that which is coward the Ze- 
nith 18 reclining. 

The Plaine oblique to tbe Meridian isthatwhich ſtan- 
deth not direMly North, or South, bur declineth one fide 
into the Eaſt, and the other jnto the Weſt : and is thcre- 
_ fore called Declumng Eaftward, or Weſt\vard, according 2$ 

cither ſide of the Plaine looketh: As if an vpright 
Wall being Southerne,declineth trom che South intothe 
Eaſt, it is called Sowrh dechning Eaftwvard: vpright. But if 
it be not vprie htzit 18 called South dechning Eaftpard, and 
enclining, or reclining. 

The Plaine parallel to the Meridien, is that which loo- 
keth direRly Eaſt, or Welt; ng ccotodinghy, hath bis 
denomination, whether it bee #prighe, Inclining, or Rex 
cluyng. 

Thc Plaine Parallel to the Horizon, is called Horizontall ; 
and is repreſented by the inſtrument it telfe, or at leaſt by 
the inncrmoſt Circle of the limbe thereof. 


And note that the Arch of Declination, is reckoned 
from the next Eaſt,or Weſt point. Andthat the Arch of 
Inclination,or Reciination is reckoned from the Zenith, 
or the complement of it fromthe Horizon. So that « ne» 
ry vprighr Plaine is vnderſtood to paſſe through the Ze- 
nich, whichinthe inftrumeat is the Center, 


And thus having ſhewe1 the ſencrall zf:Rions of 
Plaines, wee will now proceed to ſhew the manner how 


to ler them vpon the Inltrument. 


A Dire North, or South upright Plaine, is repreſen- 
ted in the Inſtrumenc by a line drawne throngh the Cen- 
ter from the Eaſt point tothe Weſt, which is alſo the 


Heorizontall interieRtion of the Pla:ne. And by it you 
1] 
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ſhall ſee that the Southerne lideor face of the plaine is 0- 
pen toallthe houres berweene fixe in the morning and 
ſixe in the evening. And tharabout London, the Nor- 
therne (ide,onely inthe Summer eni the Sunne from 
his riſing till after ſeven in the morning : and from be 
fore 5 aclocke in the afternoone, till his ſetting. 


eA direlt Eaſt, or Weſt bt plaine, is repreſente] in 
Ce es Red alſo the Hori- 
zontall interſetion of the plaine. And in it you ſhall ſce 
that all the forenoone houres are open to the Eaſt fide : 
and all the afterneone hoyres to the W eſt (ide. 


A CY is thus ſet upon the Inſtrument, 
reckon on the zon the arch of Declination, from the 
Eaſt,or Weſt point :- and at the end draw a line through 
the Center vnto the te point of the Horizon: Se 
thar each ſide may be open to that puint, cither 
Eaſt, or Weſt, into which the Declination is ſuppoſed. 
That line ſo drawne throught the center is the Horizon» 
rall interſeion of the plaine, and repreſenteth the plaine 
it (cIfe, if it bee vpright. For example, there is about 
London an vpright Wall declining Eaſtwards 35 degrees: 
which I would fet vpon the I - Hold the Sou- 
therne of the Inſtrumene to you,and reckon from 
che Eaſt backward into the North the Horizon 35 
: there draw a line through the Center ; this 
line ſhall not onely vpon the South fide repreſent a Sou- 
therne Plaine declining Eaſtward 35 degrees.Butallo vp- 
on the North fide ſhall repreſent a Northerne Plaine de- 
clining Weſtward 35 deg. And moreover it will appearce 
that on the Southerne ſide ſhall bee drawne the houres 
from almoſt 4 a clocke in the morning, till z in the after. 
noone. And that in the Northerne ſide ſhall bee drawne 
vpoo one fide 4 a clocke in the morning onely : and ypon 
the other fide all the houres from z in the atternoone 
ti'l Sunne (ct, 
And 
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And iv Conligquiiuy the ae C.Mmmivun of an vpright wall, 
or Window being given, it may be found at what houre 
the Sunne vpon any day in the yeare will comc tv that 
Wall,or Window, and when it will goc from it. As in 
the former cxamplc, There is about Londew 2 Northerne 
wall declining Weſt ward 35 deg. I would know at what 
time of the day the Sunne will begin to ſhine vpon it on 
the 24* day of «Arch. Set the Index at 35 deg: trom 
Welt toward South: and becauſe that day the Sunnes 
Dcclination 18 6 degrees Northward ; Looke at what 
houre the (ixc Parallcl aboue the AquinoQiall coward the 
Center zacetcth with the Index {uplaced : and you fhall 
find itat 3 a clock in the Aftterno6nc. W heretore at that 
time the Sunne will beginto ſhine vpon the Wall that 
ſame day. 

The Poles of every vpright Wall are in the Horizon 
go deg : that is a quarter of a Circle, diſtant from the 
line repreſenting the Plaine. Wheretore if ypon that 
line inthe Center you creR a perpendicular,the cnds ther- 
of in the Horizon (ill be che poles of that Plaine : and 
are (© farre diſtant from the North and Sourh points, as 
the Plainc it teife 1s from the Eaſt, and Weſt. 


XXVI. Vſe. To ſet au Tnclining, 41d 
Reclining Wall, or Plaine vpon the 1n- 
ſlrument : and to find how many houres 
the Saunne ſhall ſhine thereon, 48 ſome 
time of the yeare, 


When you haue a» Inehining, or Reclining Plaine to be 
deſcribed on the In rument. Firſt the Horizontall in« 
terleRion isto be {et thereon, 38 it it were vpright ; to- 

ther with the line perpendicular thereto, in which are 
o_ x of the Plaine z according as was taught in the 
© 


T Then 


3 £6 © AS 4 


Then-vp3n the (cal of degrees in-your paper,reckon 
rhe arch of 1nciination, or Reclirati- n; and with your 
compiſſcs take, 8 1et it in your\{n{trument vponthe line 
perpendicular to the Herizontall. intcrſeftion of your 
Plaine, from the Center that way into-which the Inc'ing. . 
tion, or Reclination tendeth : the (ame ſhalt bee the vp- 
pe: moſt point of your Plaine, 

Agaime, with your Compaſſes take the Complement of 
inclination,or reclinition, both upon che ſcale of degreer, 
and alſoupon the {cale of centers of arches in yur pa- 

r: and ſect both ſpaecs upon the ſame CE 

inc, but onthe other ſide of the center (©x ifneed 
be): Ar the ſhorter of thole ſpaces ſhal be the pole of your 
piaine: and at the longer of them hal be the of it. 

Laſtly, ſetting one foot of your Compaſſes in the cen- 
ter of your Plaine, and extending the other foot to the 
yppermoſt point, deſcribe in your Inſtrument an Archot 

a Circle : which if you. haue Cone well, will exactly fall 
tr Arch (all repreſent your Plaine, foci 
Plaine... T bat Arc repreſent your Plaine, jnclini 
7—_ gag ery fide, which "a annoy 5 —_—_ , Or 
imbe : bur rc ypon the vpper which is ro» 
ward the ology Hay And ſo either ſide ſhall ſhew 
in a II ins CO renee, 
will ſhine vpon it : that in delineating a con, it 
may not be combered with ry houre lines. For 
Example, ſuppoſe that the former Plaine,which with the 
South declined Eaſtward 35 deg: doe alſo incline 41 deg: . 
go min. Wherefore alſo with the North ſide it ſhall de- 
cine Weſtward 35 deg: and Reclineq1. deg: 30 min. 
Deſcribe this plaine vpon your Inſtroment wicth'an Arch 
of a Circle, found cut as was taughtlaſt before.- And it 
will appeare that vpon the Inclining fide ſhall- be drawne 
all the huure lincs from almoſt 4 inthe morning, to 4 in 
the afternoone: And vpenthe Reclining ſide ſhall bee 
drawne firſt 4, and 5 in the morning:and then beginning 
at 02 clocke, all houresto Sunne let, And 
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And note that 1n all Northerae plaines , the Norch 
Pole is cleuated : and in all Southerne plaines the South 
Pole is cleuated. Except ſuch North inclining, and'South 
reclining Plaines, that in the Inſtrument fall belowthe 
North Pole, betweene it and the Horizon : For in them 
the contrary Pole is cleuated. And alſo that a direc Eaſt 
and Weſt p'aine, if it Recline, hath the North Pole cle- 
uated : audit ir Incline, the Soath Pole. 


XX VII. Vſe. The Plaine being ſet 
vpon the Inſlirument, to find tle diſtan- 
ces of the houre lines, and Subſtile 
f.om the Horizorrall InterſcRion. 
And alſo the height of the Stile abouc 
the Subſtile. 


eicher hath aCcnter in which all the houre 
lines,:ogerher with the Subſtile,and Stile doe meer:or cife 
it hath no center, & fo they are al parallel one to another. 

If the Plaine bcing fet vpon the Iaſtrument, catterh 
the Pole of the &quiroRiall (that is the point in which 
allche horary Circles crofſe the Meridian)che Dyalce be 
drawne vpon that Plaine ſhall have no Center. Bur if it 
cutteth not the Pole, the Dyal (hall hane a Center, And 
of theſe Dyals with Centers wee will firſt in:reate: as be- 
ing moſt proper for the vſc of the Inſtrument. 

B:hold therefere the Pole of your plaine heedily what 
hocary Circle it falleth ypon : Or if it fall betweene an 
two, the diſtance of each being reaſonably apportioned, 
imagine a borary Circle paſſing through ic. Marke in 
what point that horary Circle, cither real,or imagined, 


doth cutthe Plaine, that ſame point ſhall bee the place of 

the Subflile in your Plaine : and the height of the Stile 

aboue it, is the Arch of that horary Circle i 

berwixt the Pole of the XquinoRial, and the point of 

the Subſtile noted in the 
3 


There- 
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Therefore applying « Ruler to the Pdle of your Plaine, 
carry it avout vnto all the wmter{c ions of the Plaine 
with the houre Circles, and the fubſtile ſeuerally : and 
where in cucry place the Ruler ſhall 'cur the innermoſt 
Circle of the Limbe, there make a viſible marke: For the 
arches of the Limbe intercepted betwecne the Horizon- 
rail points of yeur Plaine, and eucry one of thoſe marks, 
Thall be the dil intended to be fought. 


Burt for the Horizontall plaine, the ends of the houre 
Circlcs in the Limbe of your initrament, doe giuc the 
dillancc without any more adoe. 


Conc«rning the height of the Stile aboue the Subſtile: 
Ir is apparent by the inſtrument,that ina Horizontal dyal, 
the 6 a clocke line lyeth directly Eaſt and Welt : and the 
Mcrictan pcrpend:cular to it, directly North and Scuth. 
And that the Meridian is the Subſtile. And that the 
heighc of the Stile aboue the Subſtile, is equall' to the 
hcight of the Pole im that place. 


[t isalſo apparent, that in alldir. A Northand South * 
Dyals, the 6 aclocke Line is drawre paralll tothe Horie 
z01, 2nithe Mctidian perperdicu'ar to it ; Aud that the » 
Meridian is the inbſtles And thac rhe height of the Stile 
above the ſubſtile, if the Paine bee vpright, isequall to 
thc complement of the height of the Pole. But it it be 
North inclining, or South Reclining, it is cquall to the 
difference , of the height of the Pole,/and the Arch of 
Inclination,or Reclination. And if the Plaine bee North 
Reclining, or South Inclining, it 1s equal! tothe Summe 
of the complement of the height of the Pole and of the 
Arch of Tnclination, or Reclination. And if the Plaine 
fall ypont'e Aquinoctiall, the ſtile (hall ſtand vp perpen- 
dicular vpon it 1n the Center : and the hower lines ſhall 
dep Ut equall Aagles,. 2, 15 degrees one from 
WOrner. . 


Ja 


In ſuch Dyals as haue not the Meridian for the ſub. 
ſtile, the height of the Stile aboue the Subſtile is thus 
foundby the Inſtrutmacat. It was thewed before that the 
height of the ſtile aboue the fi:bſtile is the Arch of the 
horary Circle throughthe Pole of che Plaine, intercepted 
berweene the pole of the XquinoCiall, and the point 
noted in the Plaine for the tubſtiie. Therefore from the 
Horizontall pornts, or interſections of that horary Cir« 
cle reckon go degrees both wayes: and thereto through 
the Center draw an obſcure line : in which line ſhall be 
both the Inclination of chat horary Circle, which is the 
diſtance of the interſeRion, or vpperm ot paint thereof 
from the Center ; and alfothe Pole. Then with your 
compaſſes take thar diſt ance, or Irclination : aad ſetting 
it vpon the ſcale of degrees in your paper,ſee how many 
degrees it containeth vpon that {c:l, Againe vpon the 
ſame. fcale take with vour compaſſ.s the complement of 
that inclination or diſtance, whici being (et vpon the ob» 
{cure |ine onthe oth:r tide of the Center, ſhall ſhew the 
Pole of that ho-ary Circle, Laſtly applying a Ruler to 
the Pole of that horary Circle, and bocrh co the Pole of 
th: &quinoRiall, and to the point of the fubſtile in the 
Plaine {cuerally : marke where in both placcs the Ruler 
cutreth the innermoſt limbe of your inſtrument : For 
the degrees of the limbe intercepted betwixt thoſe 
markes, ſhall be the height: of the ſtile, aboue the (ubNile, 
which was ſought for. 

And by this which hath beene tanghe you ſhill find 
that in an ypright Dyall declining,as b«tore ; 5 den: from 
the South into the Exfſt, or from thy North mio the 
Weſt, the ſubſtile hall fall vpon that horary Circle , 
which is about 3 deg: a'ter g a cloc« in the morning:and 
the ſtile elevated aboue rhe [ubſtiic abouc 31 deg; And 
alſo that in a South Dyalt decliniag Eiſt yard 35 C7 : 
and inclining 41 deg: 30 min: Or 11 a North declining 
Weſtward 35 deg: and reclining 41 deg: 30 min: the 
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ſubſtile Chall fall vpon that horary Circle which is abour 
$ dcgrees after 6 aclock: and the ſtile elcuated abouc the 
lubſtile about 63 deg . 30 minutes. 


XXVIII. Vſe. The making of all man: 
ner of plaine Dyals with Centers. 


I hane already ſhewed how to find out in our Inſtru- 
ment the diſtances of all the houre lines, and the ſubſtile, 
from the Horizontal interſeRtion. Now the delineating 
of a Dyal is nothing elſe but to transferre thoſe diſtances 
out of your Inſtrument into the Dyal plaine, cucry one 
in bis due firuation : and then through them, out of the 
Center, to draw ſuch houre lines as ſhall be of ve, toge- 
ther with the ſubſtile. 


The du* (ituation of thoſe diſtances vpon the Dyal 
plaine, dependerh on the true placing of che Meridian, 
ot 122 clockeline : for that being trucly deſcribed,all the 
reſt will be exfie cnough. 

Firſt therefore I will ſhew the manner how the Meri. 
dian, or 12 aclockeline, 1s to be deſcribed. 


Take in your Dyal ſome point for the Center, where 
you ſhall thinke fir: and through it draw a line parallel to 
the plaine of the Horizon. Creffe it in the Center with 
a perpendiculir line. And having opened your compaſſes 
rothe length of the Semidiameter of your paper Inſtru- 
ment, deſcribe on the Center a Circle equallto the inner- 
moſt Limbe thereof. In which Circle the line parallelto 
the Horiz-n is for the Horizontal interſeRion : and the 
other tor the line perpendicular to it: and the Circle it 
ſeife repreſenteth the plaine : Marke therein the Eaſt and 
Weſt ſides of the Plaine with Z and W. 


In the Horizontal, and in al North and South diret 
"ines, both ypright, and ſtooping ; and in all vprio he 
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declining plaines, rhe Meridian is perpendicular tothe 
Line parallei t Horizon. _ 

In North Wining, «n4 South peclining plaines, the 
Mcridtan isto'We drawne on thar fide of the Dal plaine 
cither Eaſt, or Weſt, into which the declination is: Bue 
in North inclining and 5outh reclining, on the contrary 
ſide. And if the plaine bee Northerne, the Meridian 
(hill be aboue the Line parallel ro the Horiz5n : and if the 
plaine be Southerne, it ſhal be vnder ir. And if the con- 
erary Pole be cleuated,it ſha'l be drawne throughthe Cen- 
txr into the oppolite Quadrant of the Circle in your Dy= 
al plaine., ; 

Laſtly in a dire Eaſt and Weſt plaine, both inclining 
and reclining, the Meridian is the fame with the line p1- 
rallel to the Horizon. 

Wherefore with your compaſſes take the diſtance in 
the limbe of your Inſtrument, frem the next Horizontal! 
point, ynto the marke of the Meridian ; and meaſure ir 
ypon the Circle 'of the Dyal plaine, in chat pare, and on 
thar fide, according as in conſideration of the clcuated 
Pole, and of the qualitic of the Plaine, was (hewed to be 
agrecable. And at the en of that arch, through the 
Center, draw a lic for the Meridian. 

Againe with your compaſſes take the diſtances in the 
limbe. of your Inſtrument, betweene the marke of the 
Meridian, and the markes of all the houre Lines ſcuerally : 
and ſetting them vpon the Circle of the Dyal plaine or- 
derly from the Mcridian, the Forenoone houres on the 
Welt fide of it, and the Afternoone houres on the Eaſt 
fide : at the en4 of ecuery one of thoſe arches drawy the 
boure Lines: anddiſtinguiſh them with their proper fi- 
gures accordingly. 

Laſtly faſten the ſtile in the Center, ſo that it may 
hang perpendicular vnto the plaine in the Subſtile, ac 
the _— And becau'e the ſtile in every Dyal 


is vnder to beaſcgment of the Axis of the world 
which 
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which is alinc imagined to pafc from the North to the 
South Pole through the Center of the earth ; rhe file 
being rightly placed ſhal ſtill withthe end point towards 
the cleuatcd Pole, that is voward trom the Cencer, if the 
Notth Pole be elcuated ; or cowneward from the Cen- 
cr if the Scuth Pole becleuated, 


XXIX. Vſe. The making of all 
manner of plaine Dyals aoc hauing 
Centers. 


If the plaine repreſented on the Inſtrument (as was 
taught before in the XXV and XXV1 Vies)cut the Pole 
of the AquinoRtall, it is an horary Circle, cither one of 
them which are drawne in the Inſtrument,or falling be- 
twcene ſome two of them : and the Dyall plaine ic telfe 
ſhall-not crofle the ax3s of the world, but lyc 
to it, withou: any Angle of eleuation. And therefore ſuch 
a Dyal can haue no Center; But the flile, the (ubſtile, 
and all the hourc lines ſhall be parallcl one to another. 


Every ſuch Plaine repreſcnted on the Inſtrament, 


Either, FirF it is the Meridian of the place,the Hori- 
zontall interſetion whereof 1s rhe 12 a clocke Line 
drawne from North to South: and the Dyall made there- 
on, isa dire Eaſt, or Weſt yprightDyal : In which the 
ſubſtile is diſtant from the Line, ti the Circle of the Dy. 
all plaine parallel to the Horizon, with an Arch cquall to 
the clenation of the Pole,nnd vpward toward the Pole. 
And is alſo the 6 aclocke line in your Dyal. 


The reſt of the boure lines are thus deſcribed. Draw 
through the ſubſtile, in any point, along Lane at right 
Angles: thatline ſhall bee che &quino@tal interſeftion 
vinally called the Congent line; And tr king aconueni- 
ent diſtance for the ſtiic ro hang parallel over the ſubſtile 
( according to the greatueſie of your Dyall plain- ) 
prabire 


Paeril. The Artof Dyalling. - 


meaſure it vpon the ſubſtile from the &qunoudial! incer- 
ſection : and vpon the end of that meaſure , deſcribe 
halfe a Circle for the AquinoRtiall ic ſelfe. Diuide each 
Quadrant thereof from the ſubſtile, inte 6 equall parts, 
or houres. Then applying a Ruler to the Center, and to 
euery one of thaſe diui ſeuerally, where in cucry 
place the Ruler ſhall cut the long lineof ZAquinoRtiall in- 
terſeRion, make pricks : and through thoſe pricks draw 
the hourelines, parallel to the Subſhile, or 6 a clocke line: 
diſtinguiſhing ſo many of them as bee needfull, with 
their figates: that is all the Forenocone houres on the 
Eaſt plaine, andall the Afternoone hoares on the Weſt 

aine. Bur in theſe Dyals there is no 12 a clock line, it 

ing infinitly diſtant from the Subſtile. Laſtly bang the 
ſtile directly over the SubRile, and parallel co it , at the 
diſtance formerly taken. And thas are your Eaſt, and 
Weſt Dyals finiſhed. 


Or Secondly, it is the fixt houre Circle, the Horizon- 
tal interſeRion whereof is the line of Eaft, and Weſt : 
and the Dyal made thereon is diret North inclining, or 
South reclining, with an Arch to the complement 
of the height of the Pole. And the parallelto the Hori 
zon isthe AquinoRial interſcRion : and the line Ne 
dicular to it is the 12 a clocke line, and alſo the Subſt . 

The reſt of the hoare Lines, from 7 a clocke in the 
morning, to 5 inthe cuening, are thus deſcribed. Take a 
conueniem diſtance for the Stile from the Subſtile, meaſu- 
ring it vpon the Subſtile from the —_— ial inter» 
ſeHion: and on the end of that ſpace deſcribe the Semi- 
carcle of the EquinoRial, to bee diuided on both ſides of 
the Subſtile intro 6 hoares : through cuery one of which 
out of the Cemter, a Ruler being applyed ; at the poiats 
of the ſenerall interſeions of the Ruler with the &qui» 
noQial interſeion, draw the houre Lines parallel to the 
Sabſtile, or 1 2,a clocke Line : diſtinguiſhing them with 
their figures, namely 11, 10, 9, 8, 7, on the Weſt _ 

V a 


346 


| The Art of Dialling, Þ, RT Il, 


and 1,2 3, 44 $» ON the Eaſt fice : but is theſe Dyals 
there is no fixe a clocks Line, it being infinitly diſtance 
trom the Subſtile. Lally hang tbe Sule directly over the 
' Subſtiley.and parallel xo it, at the diſtance formerly taken, 


Or Thirdly, it is North inclining, or South rc dli- 
ning, and alſo & clining : in which. 


Asthe tangent of the Elewation of the Pole, 

is tothe Readies ;; 

$o is the Sinc of the compl: of Declination, 

to the tang:of the compizot Inchinarwn or Rechination, 


The Plaine being ſet ypon the Inſtrument by the Ar- 
ches of D. c'ination and Rooping chercot (as hath becne 
taught in XXV » Vic)(hall cutthe pole of the EquinoRti- 
all, Apply therctore a Ruler to the Pole of the plaine, 
and to the Pole of the AquinoQtial ; and the point in 
which it cutteth the Limbe, marke for the tubſtile : 
which is to bee transferred vnto the Circle of the Dyal 
phame, by taking the diſtance berweene tharpoinr, and 
the vext Horizontal iyrerſeftion, and1etting it on that 
Circle from the line parallel to the Horizen , vpward if 
the plainc be North : or downe-ward if the pline bee 
South: and on that ſide which is crntrary to the De clim- 
tion. The {ubſtle heing thus found, draw along lizeper- 
pendicu'ar to irgfor the AqunoRial intecleRion. And ta. 
king @ conuenient diRtance- for the Bile from the ſubſtile, 
mca(ure it vpon the tubſlile from the & uinoctuall 
interſection + and on the cnd. of that ſpace deſcribe 
the S;micircle of the AquinoRtipl.. Then looke in 
your'laſtrument how many degrees of -the EquinoRial 
are intercepted berweene the Meridian, and the Arch 


repreſenting: your Plaine : *nd reckoning the ſame num- 
ber of degrees vpon the &quinoRtia) of the Dyalplaine, 
fromhe {+bſtile the ſide of Dechnation, there 


make a marke for the Meridian point thereot 3 in which ' 


you 
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you mult begin to dtuide the Aquinotal femicircle into 
houres both wayes : And that being dimided, apply a ru- 
ler to the cemery, and to every one of the diuiltions : and 
at the poinrs of the feuerall inrerſetions of the ruler with 
the EquinoQtial interfetion, drew the houre lines paral- 
tel co the ſubſtile. Set 12 at that houft line which was 
drawne at the interſe&ionthrough the Meridian point of 
the EquinoRial : and 11 10, by pogten the Welt (ide : 
and I, 3, 3, 4, &c,onthe Eait ſide. Laſly, havg the ſtile 
directly oner the ſubſtile, and parallel to it,at rhe diſtance 
formerly taken. 


XXX Vie. Mow by Sines and tangents 

ts calculate the places of the Meridian, 
«nd Subſtile, and the height of the Stile 
about it : and the diſtance of the Meri- 
dian of the AquinoQiall from the Sub- 
ſtile ; #9gether with the: places of houre 
| lines, 69th by calculation, and alſo Geome- 
tically. 

T haue already taught the making of all manner of 
_—_ Dyals moſt cafily by the [nftrument , for the ſainc 

ight of the Pole. Bur if any man cither want an Inſtru- 
ment, or elſedefireth greater cxxQtnefſe, I will alſo here 
ſhew how to pertorme the tame by calculation, on the 
other fide of the Inſtrument. 


In « plaine ere Dyall declining. 


As the Radiaw 
13 to the Sine of dechination ; 
So lsthe tang. of the compl. cf the Pelts height. 
tothe tang. cf the diffance of the 
ſubſtile jrom the CMearidian. 


V 3 Againe 


——_ 
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Asthe Radiow 
is to the Sine of the compl, of Declination z 


So isthe Sine ot the compl. of the Poles beige, 
tothe Sine of the height of the ſtile 
aboue the ſabfbile. 


Asthe Sine ofthe Poke beighe 
is to the Radine ; 


Declmation, 
= RU WI wn the Meridian of the 
from the ſwbftile. And this diſtance 
iscuer leſlc then go degrees. 


plaine Faſt and Weſt Inclini 
andReclining Dyall: he 

As the Radime © | 

is corhe Sine of the compl. of { Memes 

ny i OTE 

N—_ of the ſubſtile 

As the Radine- 

is10 the Sine of { a” 

50 is the Sine ofthe beige of the Pol, 


to the Sine of the beighr of the ffi 
aboue the ſubPile. _ 


As the Sine of the comp. of the Pal boigh 
the Sine of t 4 rip bs; 
is to the Radine ; ® 
$0 is he tang, of the compl, of { ett 
to the tang. of the difaves of the Meridian of the 
A quineltiall from the ſubſtile, Ard this diſtance is 
eucr greater then 90 degrees, - 
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In plaine h ins 
As the Raajns 
isro the Sine of meats 
Sois the tang: of Declination, 


to the tang. of the compl. of the dif ance of the Me 
ridian, frem the line parallel to the horizon. 


Againe 
As the Radine | 
is tothe Sine of the compl. of Dechnation ; 


So is the.tang. of the compl. of the Poles beight, 
re the __—_ Baſe T. 
If the Dyall be South reclining, or North inclining,the- 


ſumme of Baſe 1, and of the complement of Inclination or 

reclination ſhall be Baſ# 71. But if the Plaine be South in- 

clining, or North reclining, the difference of Baſe 1, and of 

con lement of inclination , or reclination ſhall bee 
Ee its 


Then ſay thirdly, 
As the Sine of thecompl. of Baſe I, 
isto the Sine of the compl. or exceſſe of Baſe I! ; 
I ner Tia 
to the Sine of t ; the ffs 
abone the ſnbftile. v 


Fourthly, 
As the Sine of the compl. of the beight of 
the flile abowe the [ubſtile, 
istothe Sine of Declination ; X 
Svis the Sine of the compl. of the height of the Pots, 
to the Sine of the compl. of the diſtance of the ſubſtule 
from the line parallel to the horizon, 
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Fifrly 
As the Sine of the compl. of the bright of che file 
about the ſubſtele, 
is tothe Sine of Declination ; 


So is the Sine of the compl. of { **Anation _ 


to the Sine of the diftexce of the Meridian of the 
e/Equinethall from the [ubſtile, 

And note that in Soath reclining, and North inclining 
Plaines , if Baſe gs we = 6 fy the contrary 
pole is cleuated aboue the Plaine : nd if Baſe 11 be equall 
to a quadrant , the Plaine doth cut the Pole of the £Aqui- 
nocQaall. 

Now concerning the placing of the ſubſtile ypon the 
Dyall plaine (as I haue already in che XX 171 Ye ſhewed 
for the Meridian) Wee are to know, Firſt that the ſub- 
ſti'e is to be drawne vpward from the line parallel to the 
horizon, if the Plaine be Northerne ; or downeward from 
ie,if it bee Southerne. E in North reclining, and 
South inclining Dyalis, in which the ®aſe 7excecdeth the 
c..mplement of inclination, and reclination : for in thee 
it is quite contrary. And ſecondly that the fubſlile is to 
be drawne in the comrary fide fromthe Declination. But 
in North inclining, and South reel Dyalls, in which 
the contrary Pole 1 cleuated, the muſt be drawne 


through the center into the oppoſite quadrant of your 
Dyall circle. 


Laſtly , the hanre liner in all manner of plaine 
Dyalfs, are thus to be found. 


If the ſubſtile and houre bee both on the ſame fide of 
the Meridian : the arch of the &quinoQiall betweene the 
ſabſtile, and the houre line , ſhall bee <quall to the diff.- 
rence of the two diſtances, namely of the houre line from 
noone, and of the Mcridian of the AquinoRiall from the 
ſubſtile. Bur if the tubſtile bee vpon one ſide of the Me« 


'Cian, 
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| ridian, and the houre on the other ſide ; it ſhall be<qUall 
to the ſumme thereof, Then fay 


As the Radine 

isro the Sine of the hexghr of the flite 
abone the ſnbſtile 1 

So isthe tang, of the arch of the equinettiall betweene 
the ſwbſftile and the howre line, 

to the tang. of the arch of the ci-cle of your Dyall 
plane, berweene the [ubſtule and that lower line, 

Or elſe you may without calculation Geometrically 
inſcribe the heure lincs in Dyals hauing cceniers(tor how 
todo itin Dvals not haging centers, I hauc already ſhew- 
ed in the X7X F/e) thus. 


Deſcribe in your Dysliplaine a line for the ſtile, at the 
ſame height or diſtance from the ſubſtile, that the true 
ile to hane. Takealfo inthe ſubſtile (as in reaſon 
you ſhall ſee fit) a pointe, and through it draw at right 
angles a long line, for the contingent, or AquinoGiall in- 
terſe ion. Againe from the ſame point let tall a perper- 
dicwar vnto the ſtile : the length of this perpendicular is 
the neareſt diſtance betweene that peint and the ſtile : and 
ic is alſo the diſtance of che center of the AquinoGiall 
from that point : meaſure it rherefore vpon the tubſtiie, 
the contrary way fromthe center of the Dyall 2- and ha- 
uving thus the center of the MquinoGtiall, deſcribe there-« 
vpon toward the contingent line one halfe of the &qui- 
noRtallcircl: ; whichif the ſubſtile be the Mcridian, or 
1 2 acl. ck line of your Dyall,you m 1ſt begin to d;uide in» 
to boures ar the ſubſtiie- 3 Butif che ſubſtile and Meridian 
of your Dyall be feverall lines, apply a rulcr tothe center 
of the AquinoQial, and to theotericion of the 12 @ 
cloc< line with the contingent,ond there draw a line: this 
line hal vceerthe Meridian of the Aquinotal : at which 
yon muſt begin to divide the AqunoRtiall circle into 


houres, both wayes Then applying aruler ventothe center * 


of che AquinoQtual & eucry ons of thoſe ditions, where 
the 


. 
— 


— 
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the rules in euecry place ſhal cur the contingent line, there 

makea marke : and laſtly, through cucry one of thoſe 
marks from the ceater of the Yyall,draw the houre lines 
themlclues. : 

And if in any hore line it ſhall happen, that the ruler 
ſo applied will not reach te interſecat the contingent line: 
you may thus help yourſelfe. Which rule alſo may ſerue 
youto find the Mcridian of the £quinoRial,as often as 
the CONES _ the Meridian of the wor wich the 
contingent, falleth without your paper or plainc. 

Draw the houre line as farre as it will goe. And take 
with your Compaſſcs the diftance of the interſeRion 
point of the conringent with the ſubſtile, both from the 

- center of the Dyal, & fr6 the center of the EquinoRial. 
And taking at all aduenture a point inthe cont: line, 
on that ſide in which the houre line is-meaſure that 
point on the conti both thoſe diſtances : and at the 
ends of them bothdraw two lines parallette the ſabſtile, 
croſſing the conticgent, Then applying a ruler to the 
point, which you tooke ar all aducnture,and tothe inter= 
ſection of the parallel , which hath the diſtance of thac 
center , whence the houre line giuen proceedeth, with 
that houre line : where the rulcr ſhall cut the other pa- 
rallel, make a prick : and meaſure the diſtance betweene 
that prick and 1he contingent, ypon the former parallel, 
on the other fide of the contingent. Laſtly, out of the 
proper center through the end of that meaſure, draw a 
line ; which ſhall be that you deſire, 

An example of 'his Geometrical way of delineating tho 
bowre lines you ſhall finde in the deſcription of a Serb "wproghs N 04% 
Dyall declining z5 degr. and reclinin my 41 mix. 30.63 
confidering whereof theſe rules Will be fownd exceeding plainely 
ſet downe : Ar al(s all the other ruler and obſernations here de- 
lixared., to one that 1s any Whit and ingenions, Will 
neede no other exempliſicat ion then the inſpetlion of the in!rn- 
rent it ſelfe, and of theſe ſenerall Dyalls following 

FINIS. 


A North Dyalldeclining Eaſtwards 35 deg. 
reclining 4 1 deg, 3 o min. Latitude 5 1 deg. 


ZO min, 


Sonth direR inclining 2 4 deg; 


Rh Cc 8 zquall rothecom. 
pop. "4 5. wrea 


Faſtdirea reclining z 2 deg, 


South ypright declining Eaftward 3 5 deg. 


7 
n 


- + wi ar» + we 
X 3 


*s 4 
\ F 


mA cas; 
j ICCIILEEED 


i 
. 
- 


reclining. 49 deg. 


- 


South decliningWeſtwward 61 : 
Reclining 21x deg.y; min. degr. 


The Tranſlator to the Reader. 


Genth Reader, by reaſon of my abſence, Vhileft this Books 
Wa i the Preſſe , #\# no mernaile thewgh ſome fanlts have 
fs POE be pleaſed to thus. 

ag. 14. lin.14, 230413927. Pay 15./in.1, the firſt 
terme of a progrefſion\ Pay. 17,417, the Antecedent 
arme Pag.18-4n.19, tf ver 97 rom Pag 19 4in.11, 
in the fift circle Page 3 1s, lye hid. As in this 
hs.:0, D. Rar. mal®— R. 

liv. 28, aud Rat mnl® inR\in<—+ Rin «, . 
Alſo in the equations pag, 31,/24,26 Which bane 4 magns- 


tude equal to 4 fraftien : 5 þ topetber With 
honets ' to by ſer right againft the ine that 
TRIS of ie frollien, 
ain theſe, Rat. myj*—aſpRiva 1 


—k » And fo of the reſt; 


